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ABSTRACT 


Selective attention to visual information and span of 
apprehension were studied in male schizophrenic patients, 
psychiatric controls, and university students. Most of ene 
patients had not taken antipsychotic medication for over 
six weeks. None were considered to be under the influence 
of antipsychotic medication when tested. No patient had a 
totale li tespsycniatric: hospitalization of over three years. 
The selective attention task involved the recognition of 
one of two possible target letters embedded in a briefly 
exposed array of distractor consonants. The span of appre- 
hension task required the subject to perceive and remember 
as many consonants as he could on each exposure. Ay post— 
stimulus. recognition measure of span was used rather than 
having subjects recall and report the consonants perceived. 
Both perceptual tasks yielded measures in the same units 
with the same expected value for chance performance. Each 
subject received both tasks. The objective predictability 
of the onset time of the stimulus array was manipulated. 

It was hypothesized that schizophrenics would show less 
improvement in selective attention performance as the onset 
time of the stimuli became more predictable than would 


controls. This hypothesis was based on the postulation of 
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an impairment of the ability to synchronize the applica- 
tion of perceptual sets to the time of arrival of the 
stimulus in schizophrenia. A condition in which the sub- 
ject self initiated the stimulus display was also included. 
The results indicated no effect of the predictability of 
stimulus onset and no difference with the self-initiate 
condition for any of the three subject groups on either 
selective attention or span. All three groups showed the 
same improvement on the selective attention task as com- 
pared to span. For both perceptual tasks schizophrenics 
performed significantly below the psychiatric controls 
who in turn had lower scores than the students. The re- 
sults point to the absence of an attention-specific 
deficit in schizophrenia on a selective visual attention 
task. Defective pre-attentive processing and slowness of 
information processing are discussed as possible explan- 
ations for the results. On a sensory-motor synchroniz-— 
ation task employing regular series of stimuli given to 
all subjects, schizophrenics responded by following each 
Stimulus (click) with a response (tap) with a relatively 
long delay. The controls, however, responded in an anti- 
cipatory way by tapping slightly before each click, 
closely approaching the actual synchronization of re- 
sponses with stimuli. The groups did notmiultergans cue 
variability of error scores around their respective 


constant error biases. These findings point to an im= 
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pairment of the ability to synchronize motor behavior to 
external patterns of stimulation in schizophrenia. 
Schizophrenics have difficulty in maintaining a temporal 
sensory-motor set. An examination of the data did not 
Support the hypothesis that this synchronization deficit 
is due to a slower rate of responding in schizophrenia. 
The results of the study are discussed in terms of theor- 
teseOimattCentional)dericit,and information processing in 
schizophrenia. An extensive review of the literature is 


provided. 
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CHAPTER I 
INTRODUCTION 


Reviewed and discussed in this introduction are theor- 
ies and studies concerned with alterations of perceptual 
functioning in schizophrenic patients. For the past fifteen 
years one of the major themes in the schizophrenia litera- 
ture has been that a primary disturbance in schizophrenia is 
an impairment of the ability to selectively process inform- 
ation, to focus attention on one set of stimulus objects 
while excluding irrelevant sources and types of stimulation. 
This concept has not only been applied to tasks explicitly 
requiring the subject to selectively attend within or be- 
tween auditory and visual modalities. It has also been used 
to explain performance on sensory-motor tasks, size estima- 
tion, size constancy, and conceptual performance. In this 
paper research on and theories of attentional functioning in 
schizophrenia are reviewed. These theories and findings are 
then contextualized in the light of contemporary theories 
of selective information processing in normal human subjects. 
Emphasis is placed on the process of selective visual recog- 
nition. An empirical study is reported which was conducted 
in an attempt to explore the different aspects of the pro- 
cess of selective visual perception which may be altered in 


schizophrenia. 


As pointed out by Bannister (1968) an individual may 
be diagnosed as a schizophrenic because he manifests some, 
but not necessarily all, of the defining characteristics of 
the class. However, certain characteristics such as formal 
disorder of thought are given a higher weighting by most 
authors than are other signs or symptoms. The existence of 
one or more underlying attributes common only to individuals 
classified as schizophrenics has yet to be demonstrated, 
although this is still a possibility. The disjunctiveness 
of the concept itself, as well as the divergent performance 
by schizophrenics on a multitude of psychological measures, 
has led to the conclusion, on the part of many authors, 
that the category of schizophrenia encompasses a variety 
of psychological alterations or disorders. On the other 
hand the use of this concept, as well as other diagnostic 
categories, is so widespread in the research literature 
that it is impossible to ignore. It serves as a basis for 
the organization of a vast amount of data regarding the 
performance of psychiatric patients on hundreds of different 
psychological tasks and experiments as pointed out by Neale 
and Cromwell (1970). One reaction to the concern over the 
presumed heterogeneity of the schizophrenic population has 
been to subdivide schizophrenic patients along the dimen- 
sions of acute-chronic, good-poor premorbid adjustment, and 
paranoid-nonparanoid features. In many studies the use of 
these subdivisions has yielded significant differences in 


psychological performance. However, in some studies schizo- 
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phrenics have been found to share commonalities in psy- 
chological functioning which distinguish them from control 
groups even though researchers have been careful to allow 
for the emergence of heterogeneity by subdividing patients 
into subcategories based on the three dimensions listed 
above. Another criticism of the use of the diagnostic cat- 
egory of schizophrenia has been the unreliability involved 
in the application of diagnostic criteria. Studies reviewed 
by Granville - Grossman (1971) give estimates of inter- 
observer agreement ranging from 62% to 92% for the diagnosis 
of schizophrenia. The 92% figure was found in a study 
where a structured interview, employing prepared defini- 
tions, was used (Wing, Birley, Cooper, Graham, & Isaacs, 
1967). In a review of inter-observer reliability for the 
diagnosis of schizophrenia Zubin (1967) found an average 
concordance of 70% to 80%. Inter-observer agreement was 
considerably lower when British vs. American raters were 
compared. The reported levels of concordance provide a 
level of agreement sufficient for research purposes, if 
doubtful cases are not included and if the frequencies of 
the various schizophrenic symptoms are reported for the 
sample investigated. Such was the case for the study re- 
ported in this thesis. Unfortunately, most of the studies 
reviewed simply specified that one group of patients was 
diagnosed as schizophrenic without providing any informa- 


tion as to the symptom pictures of these patients. 


The two commonly used (often jointly) schemes for the 
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diagnosis of schizophrenia are those of Bleuler (2950) 

and Schneider (1959). In 1911 E. Bleuler (1950), the orig- 
inator of the term "schizophrenia", divided the symptoms and 
Signs of schizophrenia into fundamental and accessory symp- 
toms. Fundamental symptons were considered to be diag- 
NOStiGeOfeschizoonrenia. Accessory symptoms could appear in 
schizophrenia but were not diagnostic of it. These two 
Symptom types are often mistakenly called primary and sec- 
ondary symptoms in various psychiatric texts. Primary 

and secondary symptoms were terms used by Bleuler with an 
etiological meaning and for a different division and set 

of symptoms. Bleuler believed that the fundamental symp- 
toms appeared only in schizophrenia and that all of the 
fundamental symptoms occurred to some degree in every case 
of schizophrenia at one time or another. As fundamental 
Simple symptoms he listed the following: disorder of 
association, a loss of the voluntary central determining 
idea which produced a loosening of the continuity of assoc- 
iations, stereotypes, dearth of ideas, pressure of thoughts, 
blocking, sudden leaps in thinking, condensation, symbolism, 
and apraxic-like phenomena; disorders of affect, extreme 
flattening of incongruity of affect; and ambivalence, affec- 
tive ambivalence, ambitendency, and counterthinking. As 
fundamental compound symptoms, believed to result from the 
co-ordinated activity of the simple fundamental symptoms, 

he listed the following: autism; disorders of attention, 


active attention lacking, reduced selectivity of attention, 
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SOLE engelteattention, and blocking Of attention; dis~ 
orders of volition, weakness or loss of volition, lack of 
tenacity and unity of volition; ego disintegration; demen- 
tia; and disorders Of activity and behavior, lack of ini- 
tiative, avoids work, irritability, stubborness, incompre- 
hensible behavior, acts as though others didn't exist. 
The fundamental disorders of association, affect, ambi- 
valence and autism are the four most commonly used Bleu- 
lerian symptoms of schizophrenia. One of the main themes 
running through the various fundamental symptoms is the 
impairment of the ability to decisively direct and hier- 
archically integrate psychological activity in a voluntary 
way. This can be seen in the areas of cognitive function- 
ing (disorder of association and counterthinking), emo- 
tional functioning (incongruent affect and affective ambi- 
valence) in which affect does not reflect decisive behavior, 
overt behavioral functioning (ambitendency and disorders of 
volition) and perceptual functioning (disorders of attention) 
The diagnostic scheme of Bleuler relies heavily on the 
ability of the clinician to make judgments as to the pre- 
sence of absence of the various fundamental symptoms. They 
Might better be called signs. The diagnostic scheme of 
K. Schneider (1959) relies exclusively on the presence of 
symptoms which are subjective experiences of the patient. 
Schneider considered symptoms of the first rank to be di- 
agnostic of schizophrenia in the absence of coarse brain 


disease. Schneider's symptoms of the first rank are as 
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follows: hearing one's own thoughts spoken aloud as a true 
hallucination (gedankenlautwerden), sometimes experienced 
as an echo (écho de la pensée); hallucinatory voices con- 
versing about the patient or voices giving a running com- 
mentary on the patients activities; bodily hallucinations 
experienced as bodily sensations known to be produced by 
external agencies; the experience of thought withdrawal, 
thought insertion or other influences on thought produced 
by external forces; thought broadcasting where the patient 
experiences his thoughts as being experienced by others, 
usually through mental telepathy; delusional perception 
which occurs when an unusual private significance is attri- 
buted to a normal perception in the absence of any sort of 
rational or emotional reasons; passivity experiences, the 
experience of an influence imposed by external forces, 

in the spheres of feeling ("made" feelings), drives ("made" 
impulses), and volition (Tada wevOLitlOnaieactsS)i.. =e nesthnene 
of an impairment of the ability to decisively direct and 
hierarchically integrate psychological activity ina Vou 
untary way which was proposed to run through Bleuler's 
fundamental symptoms arises once again in the context of 
Schneider's first rank symptoms. Here the schizophrenic 
patient experiences his thoughts, feelings, drives and 
actions as being controlled and directed by forces or beings 
outside of his own individual being. Thus, he does not ex- 
perience himself to be voluntarily directing his ae psy- 


chological activities. Mellor (1970) reports that ina 
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sample of 166 patients who were diagnosed as schizophrenic, 
71.7% had first rank symptoms at present and an additional 
7.2% had a history of first rank symptoms. In a sample of 
173 schizophrenic patients all of whom had first rank symp- 
toms Mellor (1970) found that thought insertion and with- 
drawal were significantly associated with formal thought 
disorder (Bleuler's disorder of association). He found 
that "made" affect was significantly associated with the 
observed disorganization of affective behavior and that 
"Made" impulses and "made" volition were both significantly 
associated with motor symptoms such as ambitendency nnd 
other catatonic signs. These findings offer some support 
for the idea that many of Schneider's first rank symptoms 
are subjective elaborations by the patient of the observed 


functional disturbances used in Bleuler's system. 


Early studies, using unstructured interview techniques, 
found that early schizophrenics typically reported being 
unable to focus their attention. Instead, they felt that 
they were being flooded by external stimulation (Chapman, 
1966; McGhie & Chapman, 1961). These early schizophrenics 
also reported a heightening of sensory vividness, diffi- 
culty in following the speech of others, loss of control 
of thinking, and loss of spontaneity in movement (McGhie & 
Chapman, 1961). A more recent study by Freedman and Chapman 
(1973) used a structured interview technique with samples 
of schizophrenic and nonschizophrenic patients. Ten males 


and ten females were included in each group. Only cases on 
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which two independent judges, employing a rating scale, 
agreed as to a diagnosis of schizophrenia were included in 
the schizophrenic group. Nonschizophrenics included neur- 
otics, situational problems, and personality disturbances. 
Patients in the two groups were matched on mean and variance 
for age and socioeconomic background. None of the patients 
had taken antipsychotic medication for 30 days. Schizo= 
phrenics, significantly more often than nonschizophrenics, 
reported the following subjective changes: thought block- 
ing, mental fatigue, inability to focus attention, attri- 
bution of impaired concentration to preoccupation, visual 
illusions, more acute auditory perception, misidentification 
of people and poor speech comprehension. In contrast to 
the study of McGhie and Chapman (1961), Freedman and Chap- 
man (1973) found that only one half of the schizophrenics 
interviewed reported the experience of having difficulty in 
focusing their attention, although the frequency of these 
reports was Significantly higher than it was in the non- 
schizophrenic group. The difference in findings between 
these two studies may in part be attributable to the fact 
that only nine of the twenty schizophrenics in the study 

of Freedman and Chapman (1973) were early schizophrenics in 
the sense of this being their first Ravens atere admission, 
whereas McGhie and Chapman (1961) studied only early schi- 
zophrenics. Secondly, the study of Freedman and Chapman 
(1973) used strict criteria for the diagnosis of schizo- 


phrenia with numerical tabulations of responses to specific 
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questions about subjective changes, whereas the study of 
McGhie and Chapman (1961) was completely impressionistic 
in its summary of the interview data which may have intro- 
duced a positive bias into their estimates. The interview 
studies reviewed provide evidence that schizophrenics do 
experience difficulties in directing their thinking and in 
EOCUSINGetNClreadctenti1on,saltnough. thistais not, consistently 


the case for every patient. 


Theories of attentional dysfunction in schizophrenia 
have been based on an extensive amount of evidence which 
has indicated that schizophrenics have difficulty in assum- 
ing a voluntary set to selectively process stimulus infor- 
mation. Evidence bearing on performance on attention tasks 
and other perceptual tasks has been emphasized in these 
theories rather than the subjective experience of perceptual 
change by the schizophrenic patients. Buss and Lang (1965) 
and Lang and Buss (1965) concluded, after an extensive re- 
view of the research literature on psychological function- 
ing ein schizophrenia, that a dysfunction in the ability to 
selectively attend and to maintain a set provided the most 
parsimonious approach to the explanation of psychological 
processes in schizophrenia. Lang and Buss (1965) reached 
the following conclusions: 

Schizophrenics have difficulty in focusing on relevant 

stimuli and excluding irrelevant stimuli, in main- 

taining a set over time, in shifting set when necessary, 
in instructing themselves and in pacing themselves, 

and generally in performing efficiently in Wishner's 


sense (1955). These difficulties are pervasive, 
occurring over a wide range of perceptual, motor, and 
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Coqnitivertaskse minubriel, interference stheory;,,asia 
broad explanation of schizophrenic deficit, has clearly 
been supported by research findings and appears to be 
the only theory comprehensive enough to account for 
what is known. (p. 97) 

Most notable among the theories of selective 
attention and perceptual organization in schizophrenia have 
been those of Shakow (1962, 1963), Cromwell and Dokecki 
(1968), McGhie (1966), Yates (1966), Venables (1964), 
Silverman (1964a), and Weckowicz and Blewett (1959). Shakow 
(1962, 1963) has proposed that schizophrenics are unable to 
maintain a voluntary major set, i.e. a readiness to respond 
to specific stimuli or configurations. Instead, schizo- 
phrenics are hypothesized to be drawn to the adoption of 
minor sets. Shakow (1962, 1963) characterizes the schizo- 
phrenic's cognitive-perceptual functioning as being segmen- 
talized, schizophrenics being more affected by irrelevant 
inner and outer aspects of their surroundings (minor sets) 
when attempting to focus on the relevant aspects of the si t—— 
uation. He viewed disturbances of thinking as well as 
affective disturbances to result from this difficulty in 
maintaining a major voluntary set and the consequent seg- 
mentalization of functioning. Shakow (1962) further suggests 
that the schizophrenic's inability to maintain an inte- 
grated major set may be the result of a more general trend 
towards the establishment of minor sets in an indirect 
effort to satisfy fundamental needs. This view is similar 


to the theory of Jung (1960), first published inetIO7m that 


in schizophrenia the ego complex loses its supremacy and 
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strong feeling-toned archetypal complexes become dissocia- 
ted from one another and come to dominate the psychological 
functioning of the schizophrenic. Although the theory of 
Shakow (1962, 1963) is very general, it was born largely 
out of his work on reaction time in schizophrenia. These 
studies on reaction time and sensory-motor set establish- 


Ment in schizophrenia are reviewed in a later section. 


Somewhat in line with Shakow's (1962) emphasis on 
interference from minor sets, Cromwell and Dokecki (1968) 
emphasized, in their work, that schizophrenics are unable 
to ignore irrelevant stimuli and consequently cannot focus 
attention on relevant stimuli. McGhie (1966, 1972) main- 
tained that in schizophrenics the mechanisms responsible 
for the control and direction of attention are disrupted 
which then produces manifestations of heightened distrac- 
tibility and the inability to hold a major set towards 
relevant stimuli. The conclusions of McGhie (1966, 1972) 
are based in part on extensive experimental research on 
competing information tasks to be reviewed in that section. 
Yates (1966) stressed that it was the slowness of infor- 
mation processing, on the primary channel attended to, that 
lead to impaired performance on selective attention tasks 
by schizophrenics, rather than a primary deficit in the 
separation of relevant and irrelevant input. His hypo- 
thesis is discussed in the context of studies on rate of 
information processing and visual span of apprehension in 


schizophrenia. The theories of Venables (1964) and 
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Silverman (1964a) are concerned with differential predic- 
tions as to the narrowness of attention and field articula- 
tion for acute vs. chronic Schizophrenics and for other sub- 
divisions of schizophrenia. These theories are elaborated 
in sections on size constancy, size estimation, field arti- 
culation and in the theoretical Summary at the end of this 
chapter. Weckowicz and Blewett (1959) employed a selective 
attentional deficit explanation of size constancy perfor- 
Mance in schizophrenic patients. Their CONErIDUt TONS are 
discussed in the section dealing with size constancy 
Studies in schizophrenia. After a review otf the research 
literature the major findings and the theories briefly out- 
lined above will be summarized in the context of an exposi- 
tion of contemporary models of selective attention and 


perceptual organization in humans. 


REACTION TIME AND RELATED STUDIES 


Many studies have been conducted which have compared 
the simple reaction times of chronic long-term schizophre- 
nics to normal subjects using visual or auditory stimuli 
(Huston, Shakow, & Riggs, 1937; Rosenthalyaiawlor,= Zahn 
& Shakow, 1960; Tizard & Venables, 1956; Zahn, Rosenthal, 
& Shakow, 1961, 1963) as well as studies comparing acute 
Short-term schizophrenics to normal controls (Huston & 
Singer, 1945; Rodnick & shakow, 1940+ “Zahn & Rosenthal, 
1965). Both male and female Subjects have been tested in 


the studies listed above. In these studies the response 
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typically consists of a key release and a verbal "ready" 
Ssignualeissgiven toethersub ect) prior to ithe onset of; the 
stimulus. The time interval between the warning signal 

and the stimulus on each trial is called the preparatory 
intervalm (Pl) |e Alleot “therstudies given above have demon- 
strated the following findings: Schizophrenics have longer 
reaction time (RTs) than do normal controls. Schizophre- 
nics do not show the decrease in RT for regular series of 
PIs as compared to irregular series of PIs that vary 
controls evidence at all PI values up to about 20 see” 
Instead, schizophrenics only show a decrease in RT for 
regular preparatory intervals when the PI is short (about 
Busec for auditory stimuli and about 5 sec for visual 
stimuli). For longer PIs the schizophrenics either show no 
improvement in RT for regular PIs as compared to irregular 
PIs or in some studies (Huston & Singer, 1945; Rodnick & 
Shakow, 1940; Tizard & Venables, 1956) schizophrenics actu- 
ally show shorter RTs for irregular as compared to regular 
series of PIs. This effect of a shift in irregular vs. 
neguiar-Pi- diiiferenees=-on-kT depending on whether PIs are 


short or long, is often called the crossover effect. These 





sone exception is the study of Zahn and Rosenthal 
(1965). They found that acute schizophrenics profited 
more from regular series of PIs than did psychiatric 
controls. Reduced RT for regular series as compared to 
irregular series was maintained for longer Pl values for 
the schizophrenics as compared to psychiatric controls. 
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studies also found that schizophrenics show a greater 
increase in RT with longer PIs than do normal controls 
when regular PI series are given. When irregular PI series 
are given, schizophrenics show a greater increase in RT 


with shorter PIs than do normals. 


Zahn, Rosenthal, and Shakow (1963) studied the ErEeCts 
of the preceding preparatory interval (PPI) on simple audi- 
tory RT using series of irregular PIs. Drug-free male and 
female chronic schizophrenics were compared to a group of 
normal controls. They found for both groups that longer 
PPIs produced longer RTs and that shorter PPIs produced 
shorter RTs. They also found, as reported in earlier 
studies, that for both groups shorter PIs produced longer 
RTs with their irregular PI-series task. These effects 


were Significantly more pronounced for the schizophrenic 


subjects as compared to the normal controls. They maintained 


that these differences between the two subject groups were 
attributable to those trials on which the PPI was long and 
the PI was short as did Zahn and Rosenthal (1965). The 
idea is that a long PPI induces a lack of response readi- 
NessmLOLechicenextetrialeite these le fomethat trial iseshort, 
the effect being more pronounced in schizophrenic subjects. 
In both studies schizophrenics showed a longer simple RT on 
trials in which the PPI was longer than the PI, as compared 
to trials on which the PPI was equal to or less than the 
PI, than did normal controls. A study by Nideffer, Neale, 


Kopfstein,and Cromwell (1971) compared acute (short-term) 
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and chronic (long-term) male schizophrenics to acute and 
chronic non-schizophrenic psychiatric controls on a simple 
auditory RT task using series of irregular PIs. In agree- 
ment with the studies of Zahn et al. (1963) and Zahn and 
Rosenthal (1965), they found that both acute and chronic 
schizophrenics had significantly longer RTs than did con- 
trols when the PPI was greater than the PI as compared to 
trials on which the PPI was equal to or less than the PI. 
However, this effect disappeared when the confounding effect 
of PI with PPI minus PI was removed by holding PI constant 
at 2 sec and then measuring the PPI minus PI differences. 
Thus, in the earlier studies trials on which the PPI was 
longer than the PI, were trials on which the PI was neces- 
sarily in the short part of the PI range. Nideffer et al. 
(1971) did find, however, that the schizophrenics gave 
Significantly more prestimulus anticipatory error responses 
(releasing the key before stimulus onset) than did the psy- 
chiatric controls when the PPI was shorter than the PI. 
These findings indicate that the schizophrenics are dis- 
tracted by PPIs on RT tasks using irregular PI series, but 
that this is more in the direction of anticipatory mis- 
trials, when the PPI is shorter than the Piy@enan teas? a 
matter of not being ready to respond because the PPI is 
Vongersithansthe Pin) |However;e the: finding of Zahn etval. 
(1963) and Zann and Rosenthal (1965) that, independent of 
PPI minus PI differences, schizophrenics show a longer RT 


with longer PPIs than do controls, is not explained by 
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Nideffer et al. (1971). The effect of PPI was not con- 
founded with PI effects in these studies. If the greater 
PPI effect for schizophrenics is not attributable to trials 
on which the PPI is longer than the PI, then longer PPIs 
must produce an effect which does not interact with PI 

for the trial under consideration. Also, if the greater 
effect of longer RTs with shorter PIs for schizophrenics, 
using the irregular PI procedure, is not due to the effect 
of longer PPIs on shorter PIs, then shorter PIs must produce 
an effect which does not interact with the PPI length. 
Whatever the nature of these PPI and PI effects, they are 
more pronounced for schizophrenics than for normal controls. 
The study of Zahn and Rosenthal (1965) compared the simple 
auditory RT performance of acute schizophrenics (none had 
been hospitalized for more than two months) to the RTs of 

a group of nonschizophrenic psychiatric controls (depres- 
Sives, anxiety reactions, and character disorders). A set 
index was used which yielded a composite score. A higher 
score resulted with the presence of longer average RTs and 
also with less improvement on regular vs..irregular PI 
series for PIs of seven seconds or more. The acute schizo- 
phrenics were found to have significantly higher (worse) 
set index scores than did the psychiatric controls. How- 
ever, the acute schizophrenics had much lower set index 
scores (better) than did a comparison group of chronic 
schizophrenics cited from one of their earlier studies. In 


line with previous studies on chronic schizophrenics, these 
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acute schizophrenics gave significantly slower RTs with 
longer PIs on the regular PI series and slower RTs with 
shorter PIs on the irregular PI series than did the psy- 
chatric controls.” This study indicates that differences in 
RT response patterns between acute schizophrenics and psy- 
chiatric controls are in the same direction as are differ- 
ences between chronic schizophrenics and normal controls, 
although the differences are larger in the later case. One 
exception, as noted earlier, is that in the present study 

of Zahn and Rosenthal (1965) schizophrenics showed a greater 
reduction in RT than AEE aot Rone when the regular PI series 
was compared to the irregular series. The schizophrenics 
showed this improvement in RT with regular PIs for longer 

PI values than did controls. This means that the lower 

set index scores of the acute schizophrenics were due to an 
overall higher RT, and probably the high RT means obtained 
by schizophrenics for long PIs on the regular series and 
short PIs on the irregular series. Such high RT means at 


specific PI values are singled out by the index. 


Shakow (1962, 1963) to a large extent based his theory 
of segmentalized sets in schizophrenia on the RT studies re- 
viewed here. He proposed that schizophrenics have a slower 
RT than do controls because of their inability to maintain 
a Major sensory-motor set (readiness to respond) to the 
stimuli presented in the various RT tasks. He views schizo- 
phrenics as not showing the improvement on RT that controls 


demonstrate with regular in contrast to irregular PI series, 
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because the schizophrenic's major set to respond in terms 
of the temporal predictability of the stimuli an? the reg- 
ular PI series is disrupted by distracting internal minor 
responsersets. ether fact: that) thissdeficit, in utilizing 
the temporal predictability of the stimuli for regular PI 
series, is most pronounced for longer PIs, is explained by 
assumption that longer PIs in the regular series allow 
more time for major set interference by minor response 
sets to occur. Furthermore, the greater influence of the 
PPI on RTs of schizophrenics for irregular PI series is 
viewed by Shakow (1962, 1963) as an example of interfer- 
ence by external minor sets produced by the PPIs, as is 


the greater impairing effect of short Pls. 


One of the main findings that has emerged from the 
studies on simple RT, reviewed thus far, is that schizo- 
phrenic patients are unable to utilize the temporal pre- 
dictability of regular series of preparatory intervals in 
such a way as to reduce RT, unlike control subjects. 
Instead, schizophrenics only show an RT reduction for reg- 
ular PIs (unpredictable time of stimulus onset) when the 
PI is less than the crossover value (less than 2 sec for 
auditory RT, less than 5 or 6 sec for visual cu uber 
fact that some of the studies reviewed actually showed that 
schizophrenics had shorter RTs for irregular as compared 
to regular PI series, when the PI exceeded the crossover 
value, has been investigated by Bellissimo and Steffy 


(1972). A simple auditory RT task was used. Regular PI 
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series were embedded within a larger series of irregular PIs. 
Only process schizophrenics (poor premorbid adjustment on 
the Elgin Prognostic Rating Scale) showed the lack of RT 
reduction for regular PI series as contrasted to irregular 
series, when the PI was three sec or longer. Reactive 
schizophrenics evidenced more of an RT reduction for the PI 
values studied than did psychiatric controls or normals, » 
although this difference was not statistically significant. 
Only the process schizophrenics showed shorter RTs for the 
irregular as compared to the regular PI series when the PI 
was greater than or equal to three sec. Furthermore, only 
the process schizophrenics evidenced the effect that on 
initial trials of regular PIs the RT was reduced, while on 
succesSive trials of the regular PI blocks there was a pro- 
gressive increase in RT. The authors concluded that this 
inability on the part of the processschizophrenics to bene- 
fit from regular PIs may be due to a detrimental effect of 
response inhibition which results from the response redun- 
dancy in the regular PI blocks. Steffy and Galbraith (1974) 
investigated the effects of intertrial interval (two and 
seven sec) on the crossover effect found for process schizo- 
phrenics in the earlier study just reviewed. They found 
that, for process schizophrenics, the crossover effect is 
greater when the intertrial interval is short than when it 


is long .@ These results were interpreted as indicating that 


22a greater crossover effect refers to a greater re- 
duction» ink lewithecegqullaripisavs.ianreguiar tls) for ieis 
below the crossover point, the reverse above the crossover. 
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reactive and protective response inhibition are more pro- 
nounced with shorter intertrial intervals. Hence, response 
inhibition produces a greater impairment of RT, for regular 
PI series, when the intertrial interval is short. On the 
basis of these two studies it would seem that the inability 
of schizophrenics to profit from the temporal predictability 
of regular PI series may in part be attributable to response 
inhibition effects which are manifest on regular as com- 
pared to irregular PI series. This hypothesis is not in- 
compatible with Shakow's (1962, 1963) theory of the inter- 
ference of minor sets on the maintenance of a major set to 
respond in terms of the temporal predictability of stimulus 
Gioe GeLOmeceGgi barter PeSenles, On che part, Of SCM1ZOpnrenics. 
Mic=escudyrOrerotecry and Galbralcn (19/4) may simply indi— 
cate that the minor set of response inhibition competes 

with the major set of responding in terms of the predict- 
ability of stimulus onset for the schizophrenic subjects, 
when the PI exceeds the crossover value. However, their 
PinciigseaOwaCcCOUltU fOrstne fact thateschizOpnrenics are not 
Simply unable to improve RT performance during regular PI 
series. When the PI exceeds several seconds schizophrenics, 
as reviewed earlier, show lower RTs for irregular as con- 
trasted with regular PI series in many studies. This shift 
may be the result of the effect of response inhibition for 


regular PI series when the PI exceeds several seconds. 


The reaction time studies reviewed here have indicated 
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that schizophrenics are relatively unable to benefit from 
the temporal predictability of stimulus onset, which is 
present when regular PI series are given, On RT tasks as 
compared to psychiatric and normal controls. This impair- 
ment may in part be due to the interference of response 
produced inhibition for schizophrenics but not for CONnELO LS: 
Whatever the explanation, the evidence reviewed indicates > 
that schizophrenic patients are relatively unable to syn- 
chronize sensory-motor sets with temporally predictable 
external sequences of stimulation. Other studies, not 
employing RT tasks, have demonstrated a similar inability 
to maintain accurate temporal sensory-motor sets.> King 
(1962) found that chronic male and female schizophrenics 
(off antipsychotic medication) could not keep time to clicks 
presented at regular (constant) intervals ranging frome 1.0 
to 3.0 seconds, whereas normal controls could. King found 
that normals tended to slightly preceed each click with a 
key tap whereas the schizophrenics tended to respond after 


the clicks in an attempt to keep time, when mean error 





oie on ae 
A “sensory-motor set” refers here to a readiness for 


respond ngetO ae StimulussOrein terms .ofea StimuLuSeass tne 
expressions “accurate temporal sensory-motor set“ “and: “sen- 
sory-motor synchronization” are used synonomously in this 
paper to refer to the synchronization with temporally pre- 
dictable stimulus sequences of a readiness for responding 

to the stimulus. These two terms are also used to refer to 
the synchronization with temporally predictable stimulus 
sequences of response elicitation. In this second usage the 
response are synchronized with the stimuli rather than nece-— 
ssarily being responses triggered or produced by the stimuli 
that they are coincident with in time. 
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scores were analyzed. These differences were statistically 
Signrelcanteror jintervals of il.5 tor2.5 ‘seconds. ) A much 
stronger finding was that when absolute error scores (the 
absolute amount of temporal deviation of the key tap from 
the click, independent of direction) were analyzed, schizo- 
phrenics showed consistently higher error scores for all of 
the interval values and showed a greater increase in error 
as the inter-click interval increased than did normals. All 
subjects were allowed to listen to the clicks as long as 
they wished and to start tapping in time to them when they 
wished. Chapman and McGhie (1962) found that schizophren- 
ics (mixed acute and chronic) were not able to turn a wheel 
at a regular rate when distracted by an irregular beat un- 
like normals and nonschizophrenic psychiatric controls. In 
the same study schizophrenics also had difficulty ona 
visual motor tracking task when a distracting auditory sig- 
nal was introduced, unlike normals and psychiatric controls. 
This last finding was replicated in a separate study by 


McGhie, Chapman and Lawson (1965). 


Been tes the response inhibition explanation of impair- 
ment of sensory-motor synchronization in schizophrenia, 
another possible explanation is that schizophrenics are 
unable to synchronize behavior with temporally predictable 
external stimuli because of a primary disturbance in time 
estimation. Of course a synchronization deficit is possible 
even with perfect time estimation. With respect to time 


estimation accuracy in schizophrenia, Lhamon and Goldstone 
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(1956) found that chronic schizophrenics overestimated the 
subjective duration of very short time intervals more than 
did normal controls. Subjects had to verbally estimate 
which actual clock duration was equal to one second. Schi- 
zophrenics gave a clock duration which was significantly 
shorter than the estimate of the controls. Both groups 
overestimated (durations judged to be one second were actu- 
ally less than one second). A method of limits procedure 
was used. There was no difference between the two groups 
in consistency of time estimation. Weinstein, Goldstone, 
and Boardman (1958) replicated the findings of the previous 
study. They also found that for normals, remote anchor 
effects tended to balance out immediate anchor effects in 
the ascending and descending series of clock durations used. 
On the other hand, schizophrenics were influenced only by 
immediate anchor effects. Webster, Goldstone, and Webb 
(1962) found that the differences between chronic schizo- 
phrenics and normals found in the previous studies disap- 
peared when the method of constant stimuli was used. Their 
results indicated that the earlier findings were an arti- 
fact of the psychophysical procedure used, because of group 
differences in the influence of anchor effects. Thus, there 
is some doubt as to the existence of an impairment of time 


estimation in schizophrenia. 


In summary the studies reviewed in this section have 
pointed to a relative deficit on the part of schizophrenics 


in the temporal synchronization of response readiness 
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(RT studies) or response elicitation (e.g. King (1962) ) 
with temporally regular and predictable stimulus events. 
ThismeindingewLtherespectto the Ri=studies, as well as the 
finding of an average longer RT on the part of schizophren- 
ics, was explained by Shakow (1962, 1963) as being due to 
the disruption of major response sets (readiness to respond) 
by minor sets induced by internal stimuli and by external . 
factors, e.g. the PPI on irregular PI series. The study 

of Steffy and Galbraith (1974) indicates that the inability 
to maintain an accurate temporal sensory-motor set, for tem- 
porally predictable stimulus sequences in RT tasks, may in 
part be the result of the processes of protective and re- 
active response inhibition which they postulate to be accen- 
tuated in schizophrenics. Protective inhibition (Pavlov, 
1941) refers to a defensive inhibition of central responses 
to stimulation (external, internal, or response-produced 
stimulation) in order to protect the central nervous system 
from overexcitation. Reactive inhibition refers to a 
lowering of response strength due to the accumulation of 
fatigue built up by the evocations .of successive responses. 
The studies of time estimation reviewed here provide little 
evidence for the existence of a time estimation disturbance 
specific to schizophrenics which might ee en impaired 


sensory-motor synchronization. 
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SIZE CONSTANCY STUDIES 


Weckowicz and Blewett (1959) offered a rationale for 
a link between size constancy and selectivity of attention 
in schizophrenia. They hypothesized that if schizophrenics 
WeLemuclicientelnmtnemabil ity ato selectively process inform- 
ation, they should show more underconstancy than controls. 
They proposed that in order to accurately estimate the real 
Size of objects at far distances by comparing them to near 
reference objects, the subject needs to form a "real object" 
Set which involves the selective utilization of such cues 
to object distance as texture gradients, spatial relation- 
ships between the target object and other objects in the 
field, cues given by ocular convergence, and cues given by 
binocular and head movement parallax; and the integration 
of these cues with retinal image size information. Follow- 
ing this rationale, to the extent that schizophrenics are 
unable to selectively utilize and then integrate informa- 
tion according to the "real object" set imposed by the size 
constancy instructions, they should demonstrate undercon- 
stancy in their size judgments. Venables (1964) postulated 
that chronic schizophrenics were abnormally highly activa- 
ted and thus should have extremely narrow attention which 
would result in restricted cue utilization and size under- 
constancy. The reverse was predicted for acute schizophren- 
ics who Venables (1964) believed had abnormally low levels 
of activation. Venables'(1964) hypotheses extend the ove 


of Callaway and Thompson (1953) and Easterbrook (1959) into 
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the area of perception in schizophrenia. In the studies to 
be reviewed "real object" instructions refer to requesting 
the subject to estimate what he believes to be the actual 
Size of the object. On the other hand "phenomenal" in- 
structions refer to requesting the subject to estimate the 


apparent size of the object. 


Weckowicz (1957), Weckowicz and Blewett (1959), and 
Blewett and Weckowicz (1970) found that chronic schizo- 
phrenics were significantly underconstant when compared to 
psychiatric controls and normals. "Real object" instruc- 
tions were used. In the later two studies a higher level 
of size constancy was found to be positively correlated 
with high abstraction performace scores and with a better 
ability to break down gestalts on Gottschold's Figures and 
a letter finding test. The studies of Lovinger (1956) and 
Raush (1952) used phenomenal instructions and did not find 
a.reductionin size constancy for schizophrenics as compared 
LOMCON CL OLEGLOUDS se UOVILlgGeLm (050). .Ound) thats Schi zo— 
phrenics judged to have poor reality contact were signifi- 
cantly more underconstant than were "good contact" schizo- 
phrenics or normals. Raush (1952) found that acute paranoid 
schizophrenics were significantly more overconstant than 
acute nonparanoid schizophrenics and normals under full and 
reduced cue conditions. The ambiguous instructions used by 
Hamilton (1963) make his findings that both chronic schizo- 
phrenics and manic-depressives were more underconstant than 


NormaLwandeneuLrotic controls difficult to anterpret. A 











64 eethegea et: at~*.at 1 sealedeaae 

wmistaopers 23 wv39s5 enol sa0 aay * yaacde na 
fsesae Jug oJ 6) 2e¥ siikele Sit TAF oJumr ses: 

-ni “Idrestosoita” Gaol aeneeereee * . Sendtig leh gy 

‘4 yo@hioas of 36FU04) gag oat seouee? ae e3ns 


] 
-Joefdo ont I-sstae 


bag «(Peel ia w ons spimolnad i) Sel), siege gi ; 
: 7 - 
<dsidee ~ino td ' Deol (6Vei)esttpectea) Eee 
oF / Searairtos LST Sno owe Rae yes Teese ory épinewig 
Pt ‘ : Dal . - 
~pitsgett “ISorono [Ser “if etton tak rats pa. obayedatoyag 
ral asdigia-e S&S Bo Laken Gay GaSe Sie aa Phas f int noth 
1209 Yl6est ipod 26 U2ebador Aud ial - 
gods Ste WIIG Fis) Jéodete, aheigt ae.) 


Late: : : S$ 31-16 iiss ra ey, seoid’ < eer “a 
. a 4! 7 
, : ‘ : 


hy Bats l OH) SO Loe Say .36 OF part igs sae ' 












_y 





s i: ; i . eT ee: asics +5op2 Seo ft i eft act AD Le aly Feng 


bsyeonws "eb 2: stidOs ZAGR ao}, VOses eno agia ai 


-oOs } ifs ) oy iad (92029 TSpriewat ha hich ig 
“Li apLe o7UW Josie? fees tebe av ee oe ee LayPy 


“OS iegon "7263088 Soot". #60) Aa “has 


AT 


Ay 


biedésey dcthcie Sayt4* bihiod iSech) come - ee 





os 


Zi 


number of studies using chronic schizophrenics (Leibowitz 
SePpysikin,; lool motarr, = Lei bow1ltz,ue6sLundy,21963) and. acute 
schizophrenics (Harway, 1964) have not found any difference 
in the size constancy performance when comparing schizo- 
phrenics to psychiatric controls and normals. All of 

these studies used "real object" instructions. In all 

three studies all groups gave nearly perfect size constancy 
judgments under full-cue conditions. A study by Price and 
Ericksen (1966) used a signal-detection type paradigm. They 
found that acute nonparanoid schizophrenics were less 
accurate in their ability to make distal matches than were 
acute paranoid schizophrenics and normal controls, all 
matched for age and education. However, the results indi- 
cated that when the acute nonparanoid schizophrenics did 
error, they did/not error more in the direction of either 
underconstancy or overconstancy. A review of the studies 
using "real object" instructions (the set relevant to the 
theories of Venables (1964) and Weckowicz and Blewett (1959) 
indicates equivocal findings with respect to the prediction 
of underconstancy in chronic schizophrenics which is made by 
both theories. One study using acute schizophrenics 
(Harway, 1964) found no evidence for either overconstancy 

or underconstancy. A second study on acute schizophrenics 
by Price and Ericksen (1966) revealed poorer distal size 
judgment only for acute nonparanoid schizophrenics. How- 
ever, they did not error in any consistent direction. These 


last two studies provide little support for the notion that 
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acute schizophrenics are underconstant of overconstant. 
However, the finding of lower accuracy in acute nonparanoid 
schizophrenics (Price & Ericksen, 1966) indicates that 
these schizophrenics were less efficient in the utiliza- 
tion of relevant cues. Considered as a whole, the studies 
reviewed gave equivocal support to the attentional inter- 
pretations of size constancy in schizophrenia offered by 
Venables (1964) and Weckowicz and Blewett (1959). Further 
research studies on size constancy in schizophrenia which 
distinguish efficiency from underconstant or overconstant 


error biases are needed. 


SIZE ESTIMATION STUDIES 


Silverman (1964a, 1964b) presents a cognitive-style 
model of attention in schizophrenia. He claims that schizo- 
phrenics manifest the attentional styles of scanning and 
field articulation at their extremes. These extremes of 
cognitive-style are held to serve defensive functions for 
schizophrenic patients and are associated with differential 
life history adjustment patterns as well as shifts in cog- 
nitive-style extremes as a function of adjustment to long- 
CermeiOsplLeati ZaclOnem He postulates that acute poor -—premor— 
bid adjustment schizophrenics are minimal scanners (minimal 
degree of eye movement) while acute good-premorbid adjust- 
ment schizophrenics are extensive scanners. The relation- 


ship is hypothesized to be reversed for chronic (long-term) 


good vs. poor premorbid schizophrenics. Using the “centration” 
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principle of Piaget (1950), Silverman infers scanning from 
size estimation performance. Extensive scanners supposedly 
underestimate size while minimal scanners overestimate size 
since they spend more time attending to the object. Silver- 
man also predicts that paranoid schizophrenics are extensive 
scanners (underestimate size) while nonparanoid schizophre- 
nics are minimal scanners (overestimate size). Silverman’s 
hypotheses are supported in studies by Harris @esTe Zahn 
(1959) and Silverman (1964b). However, studies by Davis, 
Cromwell and Held (1967) and Neale and Cromwell (1968) 
indicate that differences between acute good versus acute 
poor premorbid schizophrenics and between paranoid versus 
nonparanoid schizophrenics, as postulated by Silverman 
above Mm abema EUNnGtIiONmOLserror biases not aveomreacns” Fur- 
thermore they are not a function of scanning in the sense 

of eye movements since acute nonparanoid poor premorbid 
schizophrenics gave overestimation error biases and acute 
paranoid good premorbid schizophrenics gave underestimation 
error biases when the stimuli were presented at 100 msec 
exposures. In line with these results Silverman and Gardner 


(1967) found a significant positive correlation between 





4 accuracy refers to the absolute difference between 
the subject's size estimations and the true Si zenotesthe 
object independent of the direction of the error. On the 
other hand, error bias refers to the extent to which a 
subject tends to error in one direction or another, i.e. 
the extent to which his inaccuracy is biased towards under 
or over estimations of size. 
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degree of eye movement and magnitude of size estimation in 
acute and chronic schizophrenics rather than the expected 
negative correlation which was, however, found in normals. 
Lastly, McKinnon and Singer (1969) found no Significant 
correlation between eye movement and size estimation in 
acute schizophrenics when corneal photography was used. 

In conclusion the central hypotheses of Silverman (1964a, 
1964b) are not supported by the studies reviewed. However, 
error biases (rather than accuracy differences) in the 
directions expected from Silverman's (1964a, 19 64 Ee Dice— 
dictions have been found. At this point the significance 
of the differences in these error biases is not at all 
clear in view of the lack of evidence for a scanning effect 


in the sense of eye movements. 


FIELD ARTICULATION STUDIES 


By field articulation we refer, ia ESSEC CULON tO 
the perceptual differentiation and selective perceptual 
articulation of complex visual patterns. the concept of 
field articulation has been used by cognitive style re- 
searchers to describe a factor on which tests i kee cneren. 
bedded figures test, the rod-and-frame test and the Muller- 


Lyer illusion have high loadings (Gardner, 1961; Witkin, 


Lewis, Hertzman, Machover, Betnall-Meissner, & Wapner, 1954). 


Silverman (1964a, 1964b) postulated that paranoid schizo- 


phrenics were highly field independent whereas nonparanoid 


schizophrenics were very field dependent. He also postulated 
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that good-premorbid adjustment schizophrenics were field 
independent while poor-premorbid adjustment schizophrenics 
were very field dependent. Studies by Taylor (1956) using 
the embedded figures test and by Bryant (1961) using the 
embedded figures and rod-and-frame tests support the form- 
ulation by Silverman with regard to paranoid versus non- 
paranoid and good versus poor premorbid differences within 
schizophrenia. However, studies by the following research- 
ers indicated that schizophrenic patients whether acute or 
chronic were significantly more field dependent than psy- 
chiatric controls and normals: Bemporad (1967), used 
pseudo~isochromatic plates; Draguns (1963), used blurred 
pictures at various levels of focus; Magaro and Vojtisek 
(1971), used the embedded figures test; Weckowicz and Witney 
(1960), used the Muller-Lyer illusion. Where acute schizo- 
phrenics were compared to chronics, in the above studies, 
the chronic schizophrenics evidenced greater field depen- 
dency than the acute schizphrenics except for the study of 
Bemporad (1967) which found the reverse. The study of 
Weckowicz (1960) found that psychiatric patients with evi- 
dence of organic brain dysfunction were even more field 


dependent than chronic schizophrenics. 


Studies by Kar (1967) and Magaro and Vojtisek (1971) 
do not support the paranoid-nonparanoid differences post- 
ulated by Silverman (1964a) and found by Taylor (1956). 


Magaro and Vojtisek (1971) found that although nonmedicated 






















it : 
<* 7 / 
bigih Bosh 29 ee ee 
solic whet! are oe ee Bkeanaig~ v0 vist 
onmleo -(46CL) szakyeT coals a deuabiomags by 
eis geaicu (/304) draytieyde be geet: eanreee 
-imue? edd so oqjivs ose) ae Pepgee bos fe Bets 
nod Guersey & Tone ‘Sn oF iSaped* ay lal =e 
neigiv pénaesto: i) Sone aes anes saa ‘Ane naa 
bit ro 1 LOS ' ya. spbbrse) we oa -Stnowgqes re 
7 : 
sting aontady eteltentetngs ayy (dng ais beers EDmE: os | 
vey heed dosbusdel* isha eee vLaae ae riphe Siew atone a 
p(T Sel). Cerone SA LRM: Spf ahoSPgop ‘ahiaetto a | 
(ite Deas ‘ceeb) Senges vt be ddichh ot teausubadeoabuibenp < 
SLeF COV, TG O26btM teuyos ce is f avoleev “38 a 
aS fA. Bet D ; ; (283 u Mr322 + Ge UDECRS ait. ere Sle «SARE © 
ida: sdpos 8 ; winetik, se ic thoLinn old hewn noes 
: Ab: yates ¥ p22n0an= oF6b PSaMoR: te osenesig, 7 
~1Sea! , oe IBoae s sabi antasainas Hige stucenity aides 
i Ybie iol 3q9°Ne 29289 %sQ8205 0S 27ams ieee Plt yond 
to ybuss- Sit je tet ad siz bangs stadt (vain 4 


SS¥O tiv uiatizca olvsksheven seee batik df at 


Biol? ation weve ssoving bere th ce 








? 
bil 
i4 
* 
7 





good premorbid schizophrenics tended to be more field 
independent than nonmedicated poor premorbid schizophrenics, 
both groups were more field dependent than normals. This 
finding is contrary to Silverman's assertion that these 
premorbid adjustment differences represent extremes of 
cognitive-style dimensions. Sugarman and Cancro (1968) 
found that poor premorbid schizophrenics exhibited either 
high or low field dependency scores on the rod-and-frame 
test whereas good premorbid schizophrenics had mid-range 
scores. In summary, it appears from these field articula- 
tion studies that schizophrenics whether acueenorms Chronic, 
paranoid or not, good or poor premorbid adjustment history, 
do have a deficiency in selectively attending to and organ- 
izing visual gestalts in embedded and hidden figures tests, 
the Muller-Lyer illusion, and with blurred and pseudo- 
isochromatic stimuli. Where organic control groups have 
been included they have been found to show even less field 


articulation than schizophrenics. 


RESEARCH ON COMPETING 
INFORMATION TASKS 
McGhie (1966) stressed that the selectiveness of infor- 
mation processing was defective in schizophrenia which led 
to a breakdown in information processing when the amount of 
information available exceeded the processing capacity rate. 
An interrelated series of studies on selective attention in 


schizophrenics were carried out by Chapman and McGhie (1962), 
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Lawson, McGhie, and Chapman (1967), and McGhie, Chapman, and 
Lawson (1965). These studies employed a design in which 
the relevant (to be attended to) stimuli consisted of 

short random series of digits or letters. The same types 
of stimuli were used as distractors but were either pre- 
sented in a different sensory modality or in the same 
modality but differentiated by voice-tone or location. 
Subjects were instructed to immediately recall information 
on the relevant channel. Deficit due to distraction was 
measured in all three studies by calculating for each sub- 
ject the difference between the number of elements cor- 
rectly recalled when no distraction was present minus the 
number of elements correctly recalled in the presence of 
distraction. This difference was then divided by the number 
of elements correctly recalled without distraction to yield 
a percentage distraction-deficit index. In all of the stud- 
ies when series of letters were used, distraction consisted 
of a different series of letters presented simultaneously 
unless otherwise indicated. The same arrangement was used 
for series of digits. The elements (letters or digits) were 
presented for brief durations (.5 sec visual exposures) with 
one second inter-element time intervals. For the review 
which follows a greater deficit-due-to-distraction will be 
referred to as a greater selective attention deficit. The 
results of these three studies indicated the following dif- 
ferences: both acute and chronic schizophrenics evidenced 


a greater selective attention deficit than did normals and 
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psychiatric controls (depressives, paranoids, behavior 
disorders, and psychopaths) when relevant information was 
presented in the auditory mode, (a short series of six 
elements presented in a taped female voice) and distracting 
information was presented in the auditory mode (a different 
series of elements presented in a taped male voice and 
temporally interspersed between the relevant elements) and 
also when distraction was in the visual mode (a different 
series of elements presented visually in synchrony with the 
relevant auditory elements). Both acute and chronic 
schizophrenics evidenced a greater selective attention 
deficit than did normals and psychiatric controls when 
relevant information was presented in the visual mode 

(a short series of six random elements presented visually) 
and distracting information was presented in the auditory 
mode (a different series of elements presented in a taped 
voice and in synchrony with the relevant visual elements). 
This finding was presented in the study of McGhie et al. 
(1965) but no such deficit for schizophrenics on visual 
attention with auditory distraction was found in the study 
of Chapman and McGhie (1962). None of these studies found 
a greater selective attention deficit for schizophrenics 
when distracting information was presented in the visual 
mode (a different series of elements presented visually 

and simultaneously but around the periphery of the rele- 
vant visual elements). There is a tendency for poor pre- 


morbid adjustment hebephrenic schizophrenics to show more 
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selective attention deficit than other schizophrenics. 

There is a Slight tendency for chronic schizophrenics to 
evidence more of a selective attention deficit than accute 
schizophrenics. Schizophrenics showed no more selective 
attention deficit than did temporal lobe epilepsy or arter- 
iosclerotic patients in a study using the design outlined 
above with relevant and irrelevant information both being > 
presented in the auditory modality (Lawson, McGhie, & 
Chapman, 1967) McGhie et al. (1965) found that for the 
simple recall of auditory or visual series, schizophrenics 
had significantly lower recall scores than did controls 

with the exception of paranoid psychotics. However, Chapman 
and McGhie (1962) found no significant difference between 
schizophrenics and controls on simple recall using the same 
type of task. Lastly, both acute and chronic schizophrenics 
evidenced less recall when they had to attend to and inte- 
grate information (series of six elements) presented in 
rapid series alteration between visual and auditory modali- 
Pec mec ianec) GeniorialsmOocepsyCilactlic CONLLOlLsS. = Ltswas =tie 


recall for visual elements that differentiated the groups. 


Studies by Stilson and Kopell (1964), Stilson, Kopell, 
Vandenbergh and Downs (1966), and Ludwig, Wood and Downs 
(1962) found the following: Acute and chronic schizo- 
phrenics evidenced more of an impairment in recognizing 
geometric forms presented with static and dynamic visual 
noise (snow) than did psychiatric controls and normals. 


This was not the case when noise was absent. Acute and 
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chronic schizophrenics evidenced more of an impairment in 
Shadowing speech presented with auditory noise and with 
speech noise than did psychiatric controls and normals. 
Cross-modal distraction differences (e.g. ene shape 
recognition with auditory noise) were not found. A study 
by Ludwig, Stilson, Wood,and Downs (1963) failed to find 
the difference between schizophrenics and psychiatric 


controls in speech shadowing with distraction. 


Studies by Rappaport, Rogers, Reynolds, and Weinmann 
(1966) and by Rappaport (1967) found that both acute and 
chronic schizophrenics evidenced more difficulty in the 
written shadowing (write them down as you hear them) of 
Sequences of 30 random numbers (rate of one per second) 
than did normals when the relevant message was located in 
PiemCCltervmOneCiemalds COLy sEteldsand two, L£OUuL, OL Six 
irrelevant messages by different voices were presented, 
some in the right and some in the left ear. These dif- 
ferences did not exist when there were no distracting mes- 
sages nor did they exist when all messages were presented 
in the middle of the subject's sound field, i.e. diotic- 
alblyeracheretliiata da chotically.imeingcrhne fatter cases both 
groups performed very poorly. A recent Suny (oe Rappaport 
(1968) failed to replicate the above differences. Lastly, 
Payne, Hochberg, and Hawks (1970) found that both over- 
inclusive and nonoverinclusive schizophrenics had more 


difficulty verbally shadowing random three letter words as 
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well as phrases than did normals when similar distracting 


Material was presented in the opposite ear. 


In summary, the majority of studies reviewed in this 
section have quite consistently found a selective attention 
deficit specific to schizophrenia (with the exception of 
patients with organic central nervous system impairment) 
for both ipsimodal and bimodal distraction using recall 
and written shadowing responses (except in the case of both 
relevant and irrelevant visual elements), for ipsimodal 
distraction using visual pattern recognition, auditory word 
recognition with random ipsimodal distraction, and for the 
shadowing of random words and phrases using similar types of 
distraction. Features used to explicitly distinguish rele- 
vant from irrelevant material included sensory modality, 
voice-sex, location in visual space, location in auditory 


space and other qualitative features. 


SPAN OF APPREHENSION STUDIES 


As used here span of apprehension will refer to the 
amount of information an individual can process froma 
brief exposure to a stimulus display. Only the visual case 


is considered here. 


Two of the major studies done on schizophrenics in this 
area were carried out by Neale, McIntyre, Fox, and Cromwell 


(1969) and Neale (1971) using acute schizophrenics. These 
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studies will be reviewed in detail since the basic pro- 
cedure they used will be employed as part of the main study 


presented in this thesis. 


Neale et al. (1969) and Neale (1971) sought an estim- 
ate of the number of elements an individual could process 
from a visual display of consonants that was free of re= 
sponse bias and not confounded with individual differences 
in recall. They used the paradigm given by Estes (1964, 
1965, 1966). Accordingly they used a forced-choice pro- 
cedure in which the subject had to decide which of two 
CaLgeumleLters, #6 eeOleer #, had Occurred On each trial. 

On these trials the target letter was randomly located in 
an imaginary 16-cell matrix amidst 0, 3, 7 or 11 other 
randomly selected and located consonants (Neale, 1971). 
Span of apprehension was estimated using the formula of 
Estes (1965), 

12 (8 Seem) bee) e oe 
where d is the estimate of span or number of elements pro- 
cessed, P(C) is an estimate of the DErobabiuuty sOrmCOLLGCULY 
detecting which of two equally likely target letters has 
occurred using the proportion of trials on which the subject 
is correct, and D is the number of elements in the display. 
As can be seen, the larger P(C) the greater LSedsOr Span, 


holding D constant. 


The fallacy of the above model, later discussed by 


Cash, Neale, and Cromwell (1972) is that it assumes that a 
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subject processes d elements completely and does not pro- 
cess at all, i.e. does not process in any way relevant to 
deciding which target letter is present, the remaining 
Dedeec lements saslosdemonstratesthis jpointywerseesthat (1) 
is derived from the following: 
Given d elements processed completely (on the average) 
then P(c) = + 1/2 (1 - $), a2 0 (2) 
Since the subject will be correct whenever the target 
Tesco meecie com muiomoetEO lene ementoe processed 
(whichehasmasprobabi lity Of <d/D)sandswil lebercorrect 
with a probability of 1/2 when he guesses on trials 
Onewi lt ChmLoicmlandetmletterg  smnotsamong thesduelements 
processed (which has a probability of 1 - d/D).9° 
As we can see, given the assumption of either complete or 
no processing of any given letter, the probability of the 
target letter occurring in the given number of elements 


sampled, d, which have been completely processed, increases 


proportionally as d increases. 


tied cetbuce tiater(C)musangeche recognition forced= 
GhOlCcempELOCcduLem( (i NGualasOrmuly)m is demeasure sof) the 
deLtectabalityectea taLgetsietter ingasematrixgolmarrebevant 
letters that is free of response bias given that across 
trials there are equal numbers of "T" and "F" stimuli and 
thatechessub ject evenly distributes his “T° and “Fr = re- 
sponses over the trials. However, P(C) can be used to 


estimate d using (1) only if P(C) is purely a function of 





> These derivations are paraphrased from Estes (1965). 
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d which implies a processing model whereby each of the d 
elements is fully and correctly processed or scanned on 

any given trial and the other elements are not processed at 
Aiea Leteusscaliethis approach to span’ of apprehension 
estimation the “partial report" technique. The other tech- 
nique for estimating span of apprehension directly simply 
requires the subject to recall every Jjetter in) thee matrix 
he can, immediately after matrix terminacaon.e [his direct 
technique for estimating span of apprehension we will call 
the “full-report" technique. AS you can see, owe noma 
ferences in immediate memory constant, it would be possible 
for subject groups to differ on so-called span as measured 
by the partial report technique and yet not differ using 
the full report technique to the extent that P(C)is a 
function of something more than span of apprehension, i.e. 
selectivity of attention in terms of selective perceptual 
recognition. The selective target-letter recognition eask® 
("partial report" task) used by Nealeme teal. L976 9)erand 
Neale (1971) is in many reSpects analogous to the visual 


search tasks studied by U. Neisser and his associates 


— eo 


Srhis task is usually referred to as a target letter 
recognition task in this paper. This is accobaing  cOeLie 
use of the term "recognition" in psychophysics for the 
denotation of a response indicating which of several 
possible stimuli is judged to be present by the subject. 
The task is referred to as a target-letter detection 
task’ only in the context of the work of Neale et ales 
(1969) since they used the term "detection" for this task 
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(Neisser, 1963; Neisser, Novick, & Lazar, 1963; Neisser & 
Stoper, 1965). In these experiments subjects were motes 
ted to search long arrays of letters, arranged as line 
lists, for one target letter, or any of several letters in 
the array, as quickly as possible. Search times were cal- 
culated for the length of time the subject took to scan the 
array line by line until he located the target letter (or: 
letters). Scanning time per line was found to be far less 
than the time required if all of the letters on each line 
were read. In some cases a speed of ten lines per second 
was achieved. It was also found that multiple searches 

did not take longer than did searches for one target letter 
when subjects had been given sufficient practice (Neisser, 
ToGwerp ew 0). The tsubyects an these experiments reported 
that the non-target letters were seen as blurred while the 
target letters seemed to jump out from the line. These 
studies also indicated that search time was shorter when 
the target letter shared less features in common with the 
nontarget letters, e.g. it was more dateucultutor subyecus 
to search for a rounded letter like Q in an array of rounded 
letters than in an array of angular letters. Nedsser’ (1967) 
includes these studies of target letter search as examples 
of the selective visual recognition (“tocalswattentions) 
process described in his theory of attention. In terms of 
this analogy, I am not suggesting that subjects necessarily 
Scan or search the tachistoscopically presented arrays in 


a sequential fashion. The main point is that, using the 
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search study analogy, subjects may not fully recognize 
(process) the irrelevant letters in the Uoarie id ler epOrt | 
task employed by Neale et al. (1969) and Neale (1971). 
Instead irrelevant letters may only be processed (preatten- 
tively and possibly in parallel) to the point where it is 
clear that they contain features which exclude the possi- 
bility of their being target letters. When target letters 
like T and F are used, an example might be that letters with 
curved features are not processed beyond the detection of 
their curvedness. In agreement with this interpretation, 
McIntyre, Fox and Neale (1970) found, in a study using 
college students, that increasing the degree of feature 
similarity between target and noise letters reduced the 
probability of correct target-letter recognitions in tach- 
istoscopically presented displays at brief exposure dura- 
tions. Davidson and Neale (1974) agreed that a hierarch- 
ically organized selective attention process, as described 
in Neisser's (1967) theory, was in operation for the 
"partial report" target-letter detection task used in the 
studies of Neale (1971) and Neale et al. (1969) although 
individual differences in processes like speed of nonselec- 
tive information processing might also be reflected in 
scores on this task. 

Neale et al. (1969) and Neale (1971) compared the 
target letter detection performance of acute schizophrenics 
to normals (in the first study) and to nonschizophrenic 


psychiatric patients and prison inmates (in the second 
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study). They found that acute schizophrenics (whether 
good premorbid nonparanoid, good premorbid paranoid, or 
poor premorbid nonparanoid) evidenced poorer detectabil- 
ity for the target letters (lower P(C) ) than did controls 
when 3, 7 and 11 irrelevant consonants were presented. No 
differences were found in the detectability of the target 
letters when no distracting irrelevant letters were pre- 
sented. The matrices of letters were presented at 90 msec 
exposure times and 78 ftl. luminance in the Neale et clive 
(1969) study and at 70 msec exposure time and 6 ftl. lum- 
inance in the Neale (1971) study. Consonant matriees 
subtended a visual angle of 2 by 3 in both studies. 
These authors inferred from their data, by plugging P(C) 
into formula (1), that acute schizophrenics evidenced a 
lower span of apprehension than did controls. However, 
they then concluded that these differences ies Dann 
apprehension" might be due to a deficit in the selective 
recognition of the target letters by the schizophrenics, 
faster iconic memory decay, or slower processing of infor- 


Mation. 


A study by Cash, Neale, and Cromwell (1972) sheds 
further light on the above studies. They used exactly the 
same matrix type, exposure duration, and luminance values 
as did Neale (1971). Matrices both 4 and 8 consonants were 
employed. The only difference was thats cashvetrais: (19 7Z) 


used the full-report technique, i.e. subjects had to 
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immediately recall all of the elements they could after 
each matrix termination. No significant differences were 
found between acute schizophrenics and nonschizophrenic 
psychiatric controls. However, both groups did recall more 
consonants than would be expected by chance alone. The 
authors concluded that these results indicated no differ- 
ences between acute schizophrenics on span of apprehension 
when compared to controls. They then inferred that the 
schizophrenic versus control differences found in the Neale 
et al. (1969) and Neale (1971) studies might have been a 
function of a deficit in selectivity of attention on the 
part of the acute schizophrenics, rather than being due 

to a lower span of apprehension. Davidson and Neale (1974) 
used a target-letter detection (“partial report") task like 
thateof Neale (1971) except that the target letter (“T° or 
tm ewasmincludedsin anwarraysOlteative noises letters. Displays 
were presented at 70 msec exposure durations with a lumin- 
ance of 6.0 ftl. for the stimulus exposure field and 1.5 ftl. 
for the fixation field. Five different sets of displays 
were used. One. set consisted for each trial of the target 
letter plus five different randomly selected noise letters. 
The four other stimulus sets consisted for each trial of a 
target letter plus five identical distractor letters. The 
identical distractor letters were the same over trials for 
each of the four stimulus sets of trials with distractor 
Teapcercethe {1 Ute and “OU ‘being used fox the four sets. 


One experiment presented the five sets in separate trial 
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blocks. Another experiment intermixed the five sets across 
trial blocks. For both experiments it was found that schi- 
zophrenics had significantly lower target-letter detection 
scores than did psychiatric controls. Furthermore, both 
groups showed the same degree of improvement; with lowest 
scores for the random noise letter trial block and progres— 
sively higher scores as the distractor letters in the four 
identical-distractor letter sets became more disimilar from 
the target. Relatively acute schizophrenics were tested. 

In the first experiment, only, the Dsycniratric CONLrOL 
sample consisted largely of alcoholics. These results 

point to the operation of a selective perceptual processing 
mechanism since target-letter detection improves when 
distractor letters are redundant and when distractor letters 
are more dissimilar from the targets. (See Phe seamliemredis— 
cussion on selective attention in search Cashks pee HOWeVEL, 
the finding that schizophrenics benefit just as much as 
controls from the redundancy and dissimilarity of distractor 
letters was taken by Davidson and Neale C197 A) CO andrcace 
that the lower scores of schizophrenics is -not<a—Lunction 

of the selective information processing aspect of the 
target-letter recognition task, but rather that the lower 
performance of schizophrenics must be ateributable cota 
nonselective deficit for information processing in schizo- 


phrenics such as slower information processing. 


A study by Spohn, Thetford, and Woodham (1970) 


investigated the relationship between visual span of appre- 
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hension and autonomic arousal in schizophrenia. They 

used arrays of six consonants each presented at exposure 
durations of 50 msec, 250 msec, 750 msec, and 1,100 msec. 
Each array consisted of two rows of three consonants each. 
Subjects were instructed to immediately recall as many of 
the letters as they could. They were then to enter the 
letters recalled in the appropriate locations of a six-cell 
Grigeaniceroan. )leingaldasixeceltseofsthevqrid.fespohn etal. 
(1970) found that schizophrenics had a statistically sig- 
nificant lower span of apprehension (immediately recalled 
less letters correctly) than did normal firemen controls 
for all exposure times. Schizophrenics also improved sig- 
nificantly less as exposure time increased than did the 
control subjects. The statistical tests were performed on 
residual scores with Wechsler Vocabulary Scale scores used 
ae the covariate. For one testing session, uSing a con- 
stant 50 msec exposure duration, schizophrenics whether 
acute or chronic, poor or good premorbid adjustment, and 
whether paranoid or nonparanoid. evidenced a lower span than 
did controls. Acute paranoid schizophrenics had a sig- 
nificantly lower span than did acute nonparanoid schizo- 
phrenics. For a second testing session, using the four 
exposure durations presented in different becca blocks, 
paranoid schizophrenics had significantly lower span scores 
than did nonparanoid schizophrenics, whether acute or 
chronic. Residual autonomic arousal scores, with the 


variance attributable to the regression of drug dosage 
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level on autonomic scores removed, were used in the data 
analysis. Amplitude of heart rate cylic variation for both 
before and after stimulus presentation correlated positively 
with level of span of apprehension equally for both schizo- 
phrenics and controls. Resting level heart rate levels and 
pre minus post-stimulus heart rate change scores were not 
Significantly correlated with span scores for either group. 
Smaller decreases in skin conductance level, from the be- 
ginning of test trials to the middle, were found to be 
associated with higher span scores by the same amount for 
both groups. In general there was no satistically sig- 
nificant correlation between overall skin conductance 

level or response amplitude and span for either group. 
These results do not support the theory of Venables (1964). 
Venables (1964) maintained that span of attention should 

be extremely narrow for chronic schizophrenics and ex- 
tremely wide for acute schizophrenics. The work of Spohn 
et al. (1970) indicates a lower span of apprehension 

for both acute and chronic schizophrenics compared to 
controls. Furthermore, overall heart rate and skin con- 
ductance level scores were not associated with span 
performance in either the schizophrenic or control group. 
This finding is contrary to Venables (1964) Becer tion that 
a higher level of arousal is associated with a more narrow 


span of attention. 


(hemsitudymoLrecash= ectealwwl9/72)8 showed no evidence for 


lower visual span of apprehension in acute schizophrenics 
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as compared to psychiatric controls. However, the study 
of Spohn et al. (1970) found a significantly lower span 
of apprehension for both acute and chronic schizophrenics 
when their performance was compared to that of normal 
controls (firemen). The studies of Neale et al (1969) 

and Neale (1971) have been extensively discussed. In 
these studies acute schizophrenics were poorer in per- 
formance, on a task involving the selective detection of 
one of two target letters embedded in a briefly presented 
visual array of distractor consonants, than were psy- 
chiatric controls. The work of Mcintyre, Fox, and Neale 
(1970) indicates that this task does involve. a selective 
information processing (selective recognition) mechanism 
wherein irrelevant letters are only partially processed. 
It would appear, then, that the impaired target-letter 
detection performance of schizophrenic patients found in 
the studies of Neale et al. (1969) and Neale (1971) re- 
flects the same selective attentional deficit for schizo- 
phrenics found in the studies reviewed in other sections of 
this chapter. However, the study of Davidson and Neale 
(1974) indicated that although schizophrenics and controls 
showed changes in target-letter detection performance 
which are congruent with the utilization of a selective 
attentional processing mechanism, the lower performance of 
schizophrenics did not appear to be attributable to this 
mechanism. Instead it was concluded that the schizo- 


phrenic deficit lies in the area of a slower processing 
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of information (selective or nonselective). “The work of 
Yates and Korboot (1970) studied the performance of 
schizophrenics and neurotics on a task in which subjects 
were asked to inspect visual displays (all lines, words, 
or symbols) until they knew the number of elements in 

the display. Chronic nonparanoid and paranoid schizo- 
phrenics as well as acute nonparanoid schizophrenics gave » 
Significantly longer inspection times than did neurotics 
(acute and chronic) and acute paranoid schizophrenics. 

No subjects made any errors of inspection. These results 
were replicated by Korboot and Yates (1973) comparing 
chronic nonparanoid schizophrenics to chronic psychotic 
depressives. Inspection times did not differ between 
chronic paranoid schizophrenics and chronic psychotic de- 
pressives. These eearts point to a selection of longer 
visual inspection times. for schizophrenics (especially chron- 
ic nonparanoid schizophrenics) as compared to psychiatric 
controls on a span-of-apprehension type task using numer- 
osity. As pointed out by Yates and Korboot (1970) these 
results are congruent with Yates' (1966) theory of slower 
information processing in schizophrenia as Opposed to a 
specific inability to selectively process information. Of 
course the results of Yates and Korboot (1970) are not 
conclusive since many other factors other than the need 
for more time to process information may determine the 
selection of longer inspection times by schizophrenic sub- 


jects. In terms of the findings reviewed in this section 
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the central question is one of at what stage or for what 
aspect of the process of selective organization of visual 
information schizophrenics have difficulty in processing 


information. 


THEORIES OF SELECTIVE ATTENTION 
AND INFORMATION PROCESSING IN SCHIZOPHRENIA 

In this section general theories of selective atten- 
tion are reviewed. The findings reviewed in earlier sec- 
tions of this chapter are summarized and the main study 
presented in this thesis is formulated in terms of an out- 
line of possible points in the process of selective visual 
recognition where schizophrenics might differ from control 


subjects. 


Theories Of Selective Attention 


Essential to current models of selective attention, 
memory, and human information processing to be discussed, 
is the belief that the human organism is not capable of 
processing and responding to all the input present at the 
receptor level at the rate at which it is commonly pre- 
sented in everyday life. This is especially the case 
when the rate of information input is heightened such as 
in interference studies, parties, and dichotic listening. 
This is also the case when receptor input is only present 
for very brief durations as in the tachistoscopic pre- 


sentation of visual material. The theories reviewed, 
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concentrate on voluntary attentional mechanisms more than 
on the involuntary control of attention by stimulus pro- 


perties and motivational processes. 


Broadbent (1958) was one of the early theorists in 
the area of selective attention. He proposed that incoming 
information is held in a short-term pre-perceptual memory 
store. The information decays rapidly and is lost if it 
is not selected by a filter for further processing in a 
limited capacity information processing channel. That 
which is not processed is that which is actively kept put 
by the filter. This filter operates like a sieve or 
COLOreELLtCr sp inrormation might be filtered using yvar- 
BOUSBONYsciCalecharaclLerist1CSmSuchwasS pitch or location in 
auditory perception, or color, size, or other feature 
characteristics might be used in viSual perception. In 
Broadbent's theory the filter operates on stimulus pro- 
perties (stimulus set) rather than on properties which 
require elaborate post-perceptual conceptual classifica- 


tion (response set). 


The theoretical propositions of Broadbent (1958) have 
not held up to experimental investigation. Findings con- 
trary to his proposals include the following: ie Subjects 
Can recognize their names in the “filtered out" auditory 
channel (Moray, 1959). 2. If two separate voices are 
presented one of which is being selectively attended to 


and shadowed, and the secondary "irrelevant" voice is 
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Speaking the same message but lagging behind in time, sub- 
jects realize that both messages are the same (Treisman, 
1964a). 3. When two messages are presented, one in each 
ear, and one is being selectively attended to and shad- 
owed, subjects shift to the secondary "irrelevant" channel 
when the words on that channel follow contextually from 
the message thus far presented in the primary channel. 
That is, when the ear-localization of the message is 
switched in mid-stream subjects quite readily continue to 


shadow the same message (Treisman, 1960). 


Treisman (1960) sought to extend Broadbent's model to 
account for findings such as the above by postulating that 
the filter simply attentuated the message in the secondary 
irrelevant channel. Furthermore, she postulated that 
sequentially implemented hierarchies of tests, which lead 
to the identification of perceptual units, such as words, 
have various cutoff points or criteria associated with 
them at each test point in the hierarchy. Attentuation is 
viewed in terms of the cutoff point in the hierarchy to 
which tests are carried out. Therefore, for the overall 
attentuation of information in the irrelevent channel, pro 
cessing is terminated early in the sequence of tests. How- 
ever, contextual dependencies may shift cutoff points so 
that certain information in the irrelevant channel is more 
fully processed (Treisman, 1964b). As pointed out by 


Hochberg (1970), by the time one considers all of the 
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addenda to the filter model made by Treisman, one has come 
close to the model of selective attention and perceptual 
organization put forward by Neisser (1967) and Hochberg 
(1970). This model is called “analysis-by-synthesis” by 


Neisser (1967) and “anticipatory encoding" by Hochberg (1970). 


The analysis-by-synthesis theory postulates, on the 
basis of the work of Sperling (1960), Averbach and Coriell 
(1961), Pollack (1959), Eriksen and Johnson (1964) and many 
others, that information arriving at the visual and auditory 
receptors is held in a sensory memory after stimulus termi- 
nation. In the course of the duration of sensory memory all 
potential information is still available fLOGeLULeEIer epLoces= 
sing. For vision, sensory memory 1s called “iconic memory” 
and is estimated to last from several hundred milliseconds 
to one second after stimulus termination. A stimulus dura- 
tion exceeding 50 msec does not seem to extend the duration 
of iconic memory although smaller exposure times can reduce 
its effective duration. For audition, sensory memory 1S 
called “echoic memory" and is estimated to last one or two 
seconds. According to the analysis-by-synthesis model of 
Neisser (1967) information held in sensory memory is pas- 
sively preattentively processed in parallel (spatially and 
operationally parallel processing) all over the sensory 
field. Preattentive processing of visual and auditory 
information held in iconic or echoic memory is global and 


wholistic. Preattentive processing segregates the array 
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of stimulation into units, allowing for the detection of 
simple features and global properties of the stimulus 
array. Focal attention, as described by Neisser (1967), 
involves the allotment of an active process of information 
extraction and organization, called analysis-by-synthesis, 
to the preattentively processed information held in sen- 
sory (iconic or echoic) memory. Analysis-by-synthesis, as 
the name suggests, is considered to be a constructive syn- 
thetic hierarchically organized covert activity by which 
one builds visual or auditory perceptual objects. This 
process consists of the generation of tentative syntheses 
or recognition unit hierarchies on the basis of the pre- 
attentively processed information present in sensory memory. 
Synthesis are refined or altered until an eb jects =con— 
structed which conforms to the preattentively processed 
information. The selective or focal aspect of attention 
is viewed as the directed allotment of the process of 
analysis-by-synthesis to specific portions or aspects of 
the stimulus array. This selection is based upon ernteical 
features which can be discriminated at the level of pre- 
attentive processing. Examples would be spatial location, 
color, size, pitch and critical features preprimed by the 
selective activation of particular recognition units (or 
recognition unit hierarchies). All of the examples just 
given depend upon discriminations made at a preattentive 
levetwotmanalysiss AThus,;ecelective attentlonginythe 


sense just described involves selectivity atcalpre= 
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perceptual earlier level of information extraction, a 
"stimulus set" rather than a "response set". As maintained 
by Kahneman (1973) there is considerable evidence to indi- 
cate that selective attention tasks wherein relevant and 
irrelevant stimuli are discriminated according to physical 
CGharaccterisSceicSssucneas Spatial location, size, color, and 
pitch involves the same selection mechanism as to selec- 
tive attention tasks wherein relevant stimuli are desig- 

Mea cedetaljers me soeetiemletters eT sand "R's In both types 
of tasks, selection of input is made at the early level of 
preattentive processing on the basis of features detected 
at this early level. According to Neisser (1967) inform- 
ation which is synthesized by the process of analysis-by- 
synthesis (information which is encoded) is accurately 
recognized and responded to and is available for storage in 
a longer lasting active verbal memory (short-term memory) . 
On the other hand information which does not receive the 
benefits of analysys-by-synthesis simply fades away with 
the, decay of sensory memory. Thus, Neisser sees no nec=- 
essity for the -postulation-of.anactive filtering out.or 
attentuation of irrelevant information. Information which 
is not attended to, simply fades away. Hochberg (1970) 
presents a model of selective attention which is almost 
identical to that of Neisser (1967). What Neisser refers 
to as a process of analysis-by-synthesis, Hochberg refers 
to as a process of anticipatory encoding. That which is 


perceived is that which confirms a hierarchically organized 
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and context dependent set of perceptual expectations. As 
pointed out by Kahneman (1973), one difference between 

the two theories is that for Hochberg conscious perceptual 
awareness depends upon the storage in active verbal memory 
of perceptual analysis (information as to which expecta- 
tions were confirmed). For Neisser, however, conscious 
perceptual awareness simply depends upon the perceptual 
analysis itself without necessitating the storage of the 
results of perceptual awareness in active verbal memory. 
Kahneman (1973) disagrees with both theorists claiming that 
contact with perceptual recognition units does not nec- 
essarily lead to conscious awareness and that it is the 
violation of expectations rather than their confirmation 
which promotes conscious perceptual experience. This belief 
is based on his hypothesis that perceptual effort and 
awareness are highly correlated. Redundant easily confirmed 
information requires little effort for its perception and 
hence is easily lost from awareness. Kahneman (1973) pre- 
sents a model of selective attention which is very similar 
to the models of Neisser (1967) ~-and Hochberg (1970). Some 
of the unique aspects of his theory include the following: 
He postulates the existence of a figural emphasis process 
which follows the preattentive processing of Neisser's 
theory and precedes the activation of recognition units. 
Figural emphasis determines the size of the unit of percep- 
tion which is given attentional emphasis and the particular 


unit of that size to be emphasized. In essence "figural 
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emphasis" corresponds to the initial levels of active per- 
ceptual synthesis in Neisser's (1967) process of analysis- 
by-synthesis. Furthermore, Kahneman (1973) proposed that 
the activation of perceptual recognition units (syntheses) 
is followed by a stage called “selection of interpretations." 
This stage refers to a selection among a number of equally 
likely perceptual recognitions which have been generated by 
the activation of recognition units. Interpretation is 
critical to the extent that stimulation is ambiguous. He 
believed that conscious awareness is contingent upon the 
selection of interpretations. Inattention to stimuli at 
early levels of processing results in impoverished inter- 
pretations of these stimuli and hence a minimal degree of 
awareness. Stimuli that have been attended to have received 
more effort and result in highly articulated interpre- 
tations and hence a high degree of awareness associated 


with them. 


Selective Attention in Schizophrenia 


The extensive experimental evidence on selective visual 
and auditory attention, critically reviewed in the works of 
Neisser (1967), Hochberg (1970), and Kahneman (1973), 
gives a great deal of support for the basic attentional 
model these three theories share in common. Little support 


however is provided for the filter theory Broadbent (1958) 


or the notion that all selective attentionis post-perceptual 
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as presented in theories by Deutsch and Deutsch (1963) and 
Norman (1968). To recapitulate, the following stages of 
perceptual organization and storage are postulated to 

take place in the selective attention process, using 
Neisser's theory. All of the potential sensory information 
is present for the duration of the stimulus plus the 
duration of sensory memory (iconic or echoic memory). 

At this level information is crudely preattentively pro- 
cessed in parallel, allowing for the discrimination of 
certain physical properties like spatial location, color, 
pitch, and stimulus features critical to the synthesis 

of particular perceptual objects (targets). Next, an active 
encoding process ("analysis-by-synthesis", “anticipatory 
encoding") constructively extracts information from sensory 
memory. Encoding priorities (perceptual sets) determine 
the particular perceptual objects which are to be con- 
structed from the information available in sensory memory. 
In different terms, encoding priorities determine the 
information which is to be extracted before sensory memory 
has decayed. Information which is encoded is stored in 

an active verbal memory (short-term memory) and can be re- 
called. Information which is not encoded is lost. The 
limit on the amount of information which can be encoded 
depends on the amount of time available for encoding (length 
of rate of stimulus presentation), the speed with which the 
information can be encoded and the limited capacity of the 


active verbal memory system. Authors such as Sperling (1960) 
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have claimed that, with visual elements presented cachisto- 
scopicaily at the commonly usea exposure durations ot 

around 50 msec, the Limitation on the number of elements 
(e.g. Letters or digits) which can be recognized and imme- 
diately recalled correctly (span of apprehension) is not due 
to the normal rate at which elements are processed. He 
claims instead that the limit on span of apprehension is the 
limit on the number of items which can be held in active | 
short-term verbal memory. In other words he claims that the 
limit on visual span of apprehension Poeauece COmbNem ill On 
span of immediate memory (active verbal memory). However, 
Neisser (1967) has pointed out that at exposure durations 

of 50 msec the span of apprehension is usually about four 

or five elements whereas the span of active verbal memory 
averages about seven elements. Neisser claims that the fast 
processing rates necessary for tachistoscopic recognition 

of elements reduces the memory capacity for these elements 
and cites evidence to support this contention (Neisser, 
LOG EID eee 2) eto Se Claim, in effect, means that the in- 
formation cannot be encoded rapidly enough at a rate that 
would allow for the utilization of the full capacity of 
active verbal memory. In further support of the idea that 
the Limit on span of apprehension is not the capacity of 
active verbal memory, studies by Mackworth (1963) demon- 
strate that the span of apprehension steadily increases as 
exposure time increases from 100 msec to 4 sec. At 4 sec 


the usual limit (about Seven letters recalled) of active 
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verbal memory is reached. 


In view of the model outlined above the specific ability 
to selectively attend depends upon the ability to form, 
maintain and apply selective perceptual sets (encoding 
priorities) to the already preattentively and passively 
processed information held in sensory memory. Selective 
perceptual sets may be voluntarily maintain, determined by 
contextual expectancies, or determined by motivational 
factors. When selective attention tasks are given to a 
subject, deficient performance could result from: a primary 
inability to voluntarily form and maintain a selective per- 
ceptual set; the intrusion of irrelevant perceptual sets; 

a faster decay or degradation of preattentively processed 
information held in sensory memory, which would result in 
less information being available for selective encoding; an 
inability to synchronize or otherwise interface selective 
encoding operations with the time of occurance Oe forma — 
tion in sensory memory; a slower rate of selective encoding; 
or the loss of already selectively encoded information in 

an inefficient active verbal memory system or through inter- 


ference during the recall of the information. 


The studies reviewed in this chapter have provided - 
extensive evidence that schizophrenic patients have rela- 
tively deficient performance on tasks explicitly requiring 
the selective perception and recall (or shadowing) of 


information presented in visual and auditory modalities when 
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compared to psychiatric controls and normal subjects. 
Evidence was also presented for an attentional performance 
deficit when relevant information was presented in one 
sensory modality and irrelevant information was in the 
other modality (for vision and audition). This lower 
attentional performance by schizophrenic patients may be 
the result of any of the alterations listed in the preceding 
paragraph. Field articulation studies revealed more field- 
dependency for schizophrenics as compared to controls. 

This may reflect a deficiency in the initial preattentive 
segmentalization of input and/or a primary disorder in the 
ability to maintain a selective perceptual set. Kahneman's 
(1973) intermediate stage of figural emphasis could be the 
point at which schizophrenics are unable to selectively 
locate figures in tests of field dependency such as the 
embedded figures test. The studies on perceptual con- 
stancy were equivocal with respect to differences between 
schizophrenic patients and controls. However, evidence 
reviewed indicated that if there is a difference se wuss Eg 
the direction of an inefficiency in estimating the size 

of distal objects rather than an error bias Lor under OF 
over-constancy. This could signify an inability to 

select among post-recognition alternatives in ne inter- 
pretation stage of Kahneman's theory. The size estimation 
studies point to error biases rather than accuracy dif- 
ferences for schizophrenics. This may indicate that one 


set of post-recognition interpretations may be preferred 
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over another depending on the schizophrenic subcategory. 


The reaction-time studies reviewed pointed to an in- 
ability on the part of schizophrenics to maintain a sensory- 
motor set with respect to the temporal predictability of 
stimulus events. Studies using tasks other than RT also 
pointed to a sensory-motor synchronization impairment for 
schizophrenic patients. This impairment might reflect a 
primary inability to maintain a set or the presence of 
interference from competing sensory-motor sets, as des- 
cribed in Shakow's (1962, 1963) theory of segmentalized 
set in schizophrenia. The possibility of response- 
inhibition serving to interfere with the maintenance of a 
major accurate temporal sensory-motor set in schizophrenia 
was also discussed. In the area of visual span of appre- 
hension and the selective perception of target letters 
embedded in briefly exposed visual arrays of letters, nie 
is not clear at what point or points in the selective 
attention process schizophrenics have impaired funceloniwid. 


It is this problem which is discussed in the next section. 


Theoretical Formulation of the Main Study 


The main experimental study presented in Graceer ria ee 
was designed to help clarify at what point or points in 
the process of selective visual perception schizophrenics 
have impaired or altered functioning. The study employs 


two visual perceptual tasks. Both tasks are patterned 
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after the experiments of Neale et al. (1969), Neale (1971) 
and Cash et al. (1972). The selective attention task 

is, in most critical respects, the same as the target-letter 
detection task employed by Neale (1971) and Neale et al. 
(1969). Subjects are required to selectively recognize 
which of two equally likely target letters is present in 

a visual array of distractor consonants presented for a 
brief tachistoscopic exposure duration (50 msec). MThis 
task, as well as attentional theories used to describe Aver 
has been extensively analyzed and discussed in this chapter. 
This task entails the selective encoding of letters in the 
stimulus array such that irrelevant letters are only par- 
tially and incompletely processed. However, other fac 
tors such as speed of perceptual encoding or a degraded 
visual input would contribute to individual differences in 
performance on this task. The span of apprehension task is 
Similar to the full-report technique used by Cash et al. 
(1972). This task was used in order to provide a measure 

of perceptual encoding efficiency which does not require 

the subject to selectively process and recognize the letters 
in any way which would improve his performance score. 
Besides providing information as to the span of apprehen- 
sion for schizophrenics as compared to control subjects, 

the span task provides a baseline measure with which to 
contrast performance scores on the selective attention 

task. In order to obtain a meaSure of span of apprehen- 


sion which was free of possible contamination by response 
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interference factors during recall, a post-stimulus re- 
cognition measure of span was developed (see Chapter ITI) 

and then employed in the final study. Rather than have 
subjects recall and recite the consonants they had perceived 
and remembered, subjects simply had to select which of 

two consonants, presented after the stimulus, they recog- 
nized as having been present in the letter array just viewed. 
The post-stimulus alternatives were not known in advance 

of each trial. They were presented at a post-stimulus 

time interval which was estimated in the pilot studies to 
allow a sufficient time lapse for the decay of iconic 

memory (see Chapter II). Each subject received both per- 
ceptual tasks. Research by Bauman and Murray (1968) above) he 
cated that acute schizophrenics had significantly lower 
recall but not recognition for lists of words presented 

on a memory drum. The post-stimulus recognition procedure 
employed in the assessment of span of apprehension was 
utilized in an attempt to avoid a schizophrenic deficit 

in recall by utilizing a recognition measure of the elements 


which had been perceived and memorized. 


The objective temporal predictability of the stimulus 
arrays was manipulated as a between-subjects baccomeme lite 
factor was not manipulated within subjects because of the 
extensive amount of time that would be required to run 
each patient as well as the possibility that a within- 
subjects manipulation might confound effects of temporal 


predictability with the ability Of patients to shitt from 


pa | a ed e 7 


; _ 5 cs a 
nen cuisniia= sane & » tpinad 20> 


(ft yarn AD 29%) ney olsre en eae 1S” 
agnil men tang : ibaa gael oe gh 
ber is auc yos? eaeien ie ste wines baw 
kisim Jakes Ome Uae qin: atomidee allie bas 
“Rte aT : 1Z ae “ot Se joer a esg os warn AM 
deliv dehy Welw de ty He sreegx: aiid | aka ee 9 
sanavhe oi nvénd 260 9a? Sees aiunhen~sgog: - 
‘pola rade A Je perry sity ‘Pee: ten doa. 30 - 
oligq sit | A-esgpeen es @hy thd. tavaoaps ond 

Si: ome pelea Ree 6 wolin 
jieod%_ Sout tim Heae ate fegthats oath yoocam! | 
ond WA iOTHBE® somes lestean” 
131.8) 0ey Sones se attbe Perey “hla. aed 























bi 
a 
) 
A 


2241-018: Sigal se=lve0d Oa4 - nae yore 

Src: Oo mag 20. 0ea ea nuate a0 ab 

sie stem tilye 6 Rikows od) geen 
rems Lb: i] 20 Steet ASF a foeooes £ porte cide: “aS 


pettuomas ts: be Vea tae Ase 





aijiimias siti io boa gr ag a. Saeoqaes so 
aan a tr ied. 
as 39 ne 


65 


one condition to another. This manipulation was introduced 
to examine the possibility that the temporal synchroniza- 
tion difficulty evidenced for schizophrenics, in tasks 
assessing the ability to engage in sensory-motor synchron- 
ization with respect to temporally predictable sequences of 
external stimulation, might be manifested in a visual selec- 
tive attention task requiring the selective recognition of 
target letters. For the selective visual attention task 
employed, it was maintained earlier that one point in the 
selective attention process necessitates the temporal 
synchronization of selective encoding operations (perceptual 
sets) with the time of occurance of information for stim- 
ulus duration plus sensory memory lapse. On the basis of 
this assumption it was expected that if it was the syn- 
chronization impairment (evidenced for schizophrenics in 
the RT and motor synchronization studies) which made it 
more difficult for schizophrenics to selectively attend to 
visual targets, then the following experimental effects 

and interaction would be found. Control subjects would 
show a marked increase in selective target-letter recog- 
nition as the onset times of the stimulus arrays became 
more temporally predictable. This was based on the formu- 
lation that temporally unpredictable stimulus arrays would 
impair the ability of control subjects to synchronize the 
application of the selective encoding operations (target— 
letter perceptual sets) to the time of occurance of the 


stimulus array, since the time of occurance could not be 
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predicted. Some evidence was obtained for such a rela- 
tionship in pilot experiment 1 (see Chapter II). On the 
other hand schizophrenic subjects were not expected to 

show as much improvement on the visual selective atten- 
tion task as the onset times of the target arrays became 
more predictable, since their assumed synchronization im- 
pairment would made the increased temporal predictability 
of the stimulus arrays relatively unbeneficial to then, 

i.e. they would not be able to take as much advantage of 
the increased temporal predictability of stimulus onset. 
Such an interaction might also obtain for the span of 
apprehension task to the extent that a possible non- 
selective perceptual priming could be synchronized with the 
temporal predictability of stimulus onset. There was no 
evidence for this in the pilot experiments (see Chapter II). 
The measure of temporal predictability used was the inter- 
val of temporal uncertainty (ITU) which has been found to be 
associated with the detection of Baaiore Signals with 
noise (Egan, Greenberg, & Schulman, 1964). A self-initiate 
condition in which the subject triggered the stimulus onset 
himself was also included. Shakow (1962) would predict 
that schizophrenics would do worse under this condition 
while controls would improve. This is predicted on the 
basiseot Nis finding, susing experimenter vs< subject 
control of preparatory interval in RT studies, that in 
schizophrenia there is a negative relationship between the 


autonomy or control given and performance whereas the 
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reverse is true for control subjects. On the other hand 
schizophrenics might do best under this condition since 

autosynchronization of functioning might be less impaired 
in schizophrenia than the timing of perceptual processes 


with temporal patterns of external stimulation. 


A tap-click timing task was also given to schizophrenic 
subjects and controls. This task was patterned after gl 
study of King (1962). The employment of this task allowed 
for the detection of subject-group differences in the syn- 
chronization of motor behavior (tapping) to temporally pre- 
dictable regularly occuring stimulus events (clicks), i.e. 
the maintenance of sensory-motor synchronization. Further- 
more, it was desired to assess group differences in constant 
error scores as compared to measures of variable error. 
Lastly, the estimation of correlations across subjects, 
within each group, between perceptual selective performance 
and constant and variable error scores on the tap-click 
sensory-motor synchronization task was planned in order to 
provide an indication as to whether or not individual 
differences in perceptual selective attention and sensory- 
motor synchronization both might reflect individual dif- 


ferences in the maintenance of a major set. 
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PILOT STUDIES 


Four pilot studies on the visual recognition of tach- 
istoscopically presented arrays of consonants were conducted 
on groups of undergraduate university students. These 
studies served as a methodological preparation for a main 
set of experiments on selectivity of attention to visual 
information and span of apprehension in schizophrenic and 
nonschizophrenic psychiatric patients at a local mental 
institution. These pilot experiments provided an opportun- 
ity for assessing the extent of the relationship between 
the temporal uncertainty of brief visual exposures of 
letter arrays of consonants and performance on a task 
requiring selective perceptual recognition of letters and 
a task measuring span of apprehension. Parameters such 
as array size and exposure duration were explored. The 
length of visual-spatial iconic sensory memory with a 
final set of exposure duration and brightness parameters 
waS measured as part of the design of a procedure for 
assessing span of apprehension that was relatively free 


of response interference during recall. 
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PILOT EXPERIMENT 1 


The purpose of this experiment was to explore the 
extent and form of the relationship between the temporal 
uncertainty of brief visual exposures of displays of con- 
sonants and performance on a task requiring selective 
visual recognition. The independent variable was the 
amount of temporal uncertainty of the stimulus onset and 
the dependent variable was the recognition, on each ex- 
posure, of one of the two target consonants used in the 
experiment. Either target consonant was embedded in an 
array of distractor consonants. The parameters of display 
Size and exposure duration were also included in a fac- 


torial arrangement. 


Method 

Subjects 

A sample of 24 undergraduate students taking first- 
year psychology courses served as subjects. Nonsense code 
names used for the research sign-up booklets minimized 
the likelihood that subjects would be aware of the type 
of experiment they were volunteering for. The students 
received course credit for their participation. Twelve 
males and 12 female students were tested. Each subject 
was tested individually in a session lasting approxim- 
ately one hour ancluding breaks. The mean age ofethe 24 
students was 18.7 years with a range of 17 to 23 years old. 


Students wore their own corrective lenses during the ex- 
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periment if these were needed. All of the 24 students had 
20/30 or better corrected near visual acuity as measured 
by an eye chart for near vision at a distance of 14 in. 


(6>'10—-Cm) - 


Design 
Four independent variables were included in the 


experiment. 


intenvaleorestemporalyuncertainty. "This factor con- 
sisted of three levels of the objective temporal predic- 
tability of briefly exposed letter arrays. Interval of 
temporal uncertainty (ITU) was the measure of predicta- 


bility employed. The ITU is the time interval during which 


the visual stimulus may have its onset. In other words, the 


value of a particular ITU is the range of possible onset 
times for the stimulus. On any given trial the appearance 
of the stimulus within the ITU was entirely random, i.e. 
the Promabt Vity distribution of stimulus onset times within 
the ITU was rectangular. Each of the ITU conditions had 
thems anCni.cdpodntimorls.0sec.." ihe three LTU conditions 
were ITU = 0 sec, the visual stimulus always appeared 
exactly 3u0'sectatter the warning tone; ITU = 2 sec, the 
VisuatestimulusscouldwappeaG anytime from 2.0 5to 4. 08sec 
after the warning tone; ITU = 5 sec, the visual stimulus 
COULdsoppednmany times: roms0. 5 §tO)>.oF Sec atler the warning 
tone. These three levels of uncertainty constituted the 


first between-subjects factor. 
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Display size. Two sizes of consonant arrays were em- 
ployed. One size consisted of stimuli made up of four dif- 
ferent consonants randomly located for any given jiesl sek Biel 
any of 16 possible locations in an imaginary 4x4 matrix of 
locations on the screen in the center of the subject's vis- 
ual field. One and only one of these consonants was always 
either a capital “T" or “F" target letter. The second dis- 
play size condition was the same as the above except that 
eight consonants, including the target letter, were present- 
ed. These two sizes of display constituted the second 


between-subjects factor. 


Exposure duration. Displays of consonants were given 
fay eee separate trial blocks within each SUDIeC LL neOnee OL 
the trial blocks the consonant array for each trial was 
exposed for 50 msec. In the other trial block each trial 


consisted of a 30 msec exposure of the consonant array. 


Order of exposure duration conditions. For any given 
ITU by display size contingency, halt of the Subj ects rc 
ceived the 50 msec exposure trial block fs Cea naecie im cil 
30 msec trial block. The other half of the Subjects Le— 


ceived these two trial blocks in the reverse OraeL. 


The design then consisted of a 3 (LEU) sexe Usp lay 
Size) x 2 (Exposure Duration) x 2 (Order) factorial arrange- 
ment. Exposure duration was a within-subjects condition. 


The other three conditions were between subjects. One 
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male and one female subject were randomly assigned to 


each ofthe il2¥celis® 


Apparatus 


The stimulus displays consisted of arrays of conson- 
ants which were constructed as follows: an IBM Selectric 
typewriter with a number 10 Orator element was used to 
type upper-case consonants on a white, unlined 3x5 in. 
index cards. Cards were mounted on 12.8 x 24.3 cm 
Masonite boards for insertion and withdrawal from the 
tachistoscope. Two sets were constructed. Each set con- 
sisted of 16 practice cards and 64 test cards. One set 
consisted of arrays of 4 consonants. The other set con- 
sisted of arrays made up of 8 consonants. These two sets 
were further divided into two subsets each, each subset 
Consisting OL elgnt practice trials and 3Z test trials. 
Letters were allocated after the manner of Neale, McIntyre, 
Fox and Cromwell (1969). An imaginary 4x4 matrix of 16 
letter spaces was located in the center of each card. Each 
array contained one and only one of the two target letters 
a T or F, plus the appropriate number of additional noise 
letters; for each subset each of the target letters appeared 
once a separate card in each of the 16 possible matrix 
positions yielding a total of 16 test-trial cards with 
target letter T and 16 test-trial cards Wicd sbaLgjetms teller 
F. The eight practice trial cards included four cards with 


the target letter T and four cards with the target tecter Es 
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The location of the target letter was independently ran- 
domly localized for each of the eight cards without any re- 
strictions. For each of the stimulus cards the appropriate 
number of nontarget distractor letters was randomly drawn 
without replacement from the remaining 19 consonants of the 
alphabet (including the letter Y). They were then ran- 
domly allocated to either three (four-element arrays) or 
seven (eight-element arrays) of the positions remaining 

in the imaginary 4x4 matrix after the target letter had 
been positioned. A random permutation of the practice 

and test trials for each subset was performed after the 
cards were typed. This insured that the occurence of a 

T or F target letter on each trial was randomly permuted 
across the practice and test trials. The two respective 
permutations for each of the two blocks of cards, one for 
each of the two exposure duration conditions, were held 
constant for each subject. This also held true for the 


sets of practice trials. 


The imaginary 4x4 matrix covered an area which sub- 
Pendedeaavisual angieslw.46' (20308 rad) wide by 2° 95% 
(.0363 rad) high. Each letter subtended a visual angle 8' 
29 (00 25erad muwidesbyeloue5on C0050 crad) ehigh. | There 
was a border to border 23' 16" (.0068 rad) horizontal and 
19' 2" (.0055 rad) vertical separation between the char- 
acters in the imaginary 4x4 array. In other words these 
are the minimum interconsonant separation distances pos- 


sible for any given array. Figure 1 gives an example of 
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Figure 1. An example of an array of consonants in 
the actual size and type of the original. 
The retinal angle subtended by the frame 
is drawn in scale. Solid lines are for 
Pilot Experiment 1. Dashed lines are for 
the main study. 

The displays were presented in a Scientific Prototype 
Model 800E two-channel tachistoscope. The center of the 
pre-post stimulus fixation field contained a small black 
dot on which the subject was instructed to fixate after 
he said that he was ready at the beginning of each trial. 
The dot subtended a visual angle of 4' 14" (.0012 rad). 
The subject viewed the fixation field and stimulus arrays 
through a rubber face-rest viewer with his head covered by 
a black opaque black cloth which was attached to the viewer. 


The stimuli and fixation dot were at a respectively real 


and apparent distance of 81.3 cm from the subject. Both 
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the stimulus and fixation fields consisted of a rectangle 
of illumination framed by a completely dark surround. The 
framed visual field covered an area which subtended a 
visual angle 4° 7' (.0719 rad) wide x 4° 57' (.0863 rad) 
high. All viewing was binocular. The fixation field had 

a luminance of 1.5 ftl. and the exposure field had a 
luminance of 6.0 ftl. Clear partially exposed transparent 
film sheets were employed as filters to provide reduction 
of luminance with the finer adjustments being made with the 
lamp controls on the tachistoscope. These were used instead 
of neutral density filters which were not available at the 
time. The use of filters avoided the possibility of any 
Pickem etiateumi gitmoccursduring stimulustonset ior -offset 
with a partially ignited bulb at the low setting nec- 
essary for filter-free attainment of the luminance values 
desired. These filters provided the same distortion-free 
articulation of the stimulus field attainable with neutral 


density filters. 


After the card was inserted into the tachistoscope 
the experimenter initiated the trial sequence after the 
subject said that he was ready. A button held by the ex- 
perimenter triggered a Hunter Model 111-C Series D Decade 
Interval timer. This timer controlled the duration of a 
-4 sec warning tone of 2.5 kHz, at 65 db., delivered by a 
Sonalert tone device. Warning tone offset initiated the 
preset preparatory interval. The preparatory interval was 


controlled by a Western Bio-research Model 500 Preset timer. 
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When the preparatory interval had elapsed the tachisto- 
scope was automatically triggered and the onset of the 
letter-display exposure was instantaneously initiated. 

For the 0 ITU condition the preparatory interval (PI) 

was held constant at 3.0 sec for all practice and test 
Guralse phone thies2ellU fandS5salTU conditions, for each 
subject, PIs were randomly sampled with replacement for 
each of the practice and test trials with the restriction 
thateatmleastwone ofthe lowest and onesofithe highest 
possible PI values be present in the sequence of 32 test 
trials for each of the two exposure duration test-trial 
blocks. Possible PI values were graded in .1 sec intervals 
Banc meronme .UmtOn 4. 0mseceLornathne ¢2) LTUWcondition and 
mance a One somcO mo omsSeCutOn wile SSL TU Second tion 9 each 


subject received a different set of PI values. 


BeOCeGUure: 

Each subject was given a standard set of instructions. 
The subject was instructed to fixate on the dot after he 
indicated that he was ready and to maintain the fixation 
until the letter array had disappeared from the screen. 


He was told the number of consonants that: would be con- 


tained in the letter arrays he would be shown. A 4x4 matrix 


of crosses was used to demonstrate the possible locations 
of the consonants on the screen. The five vowels A, E, 
I, O and U were shown and the subject was told that these 


vowels would never appear on the screen. The consonants 
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were then shown and recited to the subject. He was told 
that on each trial one and only one of the two target 
letters, a T or an F, would be present in the array and 
that these were equally likely on any given trial. The 
location of the target as well as distractor letters was 
said to be completely randomized for each trial. Four 
examples of letter arrays were then shown to the subject 
at 500 msec exposure times. The subject was then instructed 
to discover which target letter was present in the display 
for each of three trials presented at either 30 msec or 50 
msec depending on when exposure duration order condition 
thessubjgect™ wast assigned to.s “Aiter each of these three 
trials he was given an opportunity to view the same dis- 
play at a 500 msec exposure. Then the subject was instruc- 
ted, "We are not interested in how well you can perceive 
the other irrelevant letters that accompany the target 
fetter ee Ol Cachetrial simply selectively attend to 
whether a T or an F has appeared and report your decision 
as soon as the array has disappeared. If you are not sure, 
give your best guess." Then the ITU condition was explained 
and the warning tone and a letter array were used to demon- 
strate the range of possible preparatory intervals between 
the tone and the stimulus onset. Subjects were instructed 
to fixate on the dot when they said they were ready and 

to hold the fixation until the stimulus display had disap- 
peared. In order to use substitute cards in trials where 


the subject happened to blink, subjects were instructed, 
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witethemlictter displayefailsito appear please! let me® know." 
These instructions did not heighten the subjects possible 
concern about blinking. Only a few if any such trials 
actually occurred for each subject. The overall procedure 
was tried out twice and then the eight practice trials 
were given followed by 32 test trials for the first expo- 
SubesduratLtonsconditions (either y30 or 50 msec) . After a 
break the subject was told about a change in the exposure 
duration. | 'Thenreight practice trials and 32 test trials 
were given for the second exposure duration condition 
(either 50 or 30 msec). Subjects were also given short 
Dieaksuaseen thestirstel6n test trials efor eacheot “the 


exposure duration conditions. 


Results 

The measure of the dependent variable was the number 
of correct target-letter recognitions for each of the two 
stimulus exposure duration trial blocks. A 3 (ITU) x 2 
(Display Size) x 2 (Order of Exposure Duration) x 2 (Ex- 
posure Duration) analysis of variance was performed with 
all factors being between subjects except for exposure 
duration which was within subjects. Two subjects were ran- 
domly assigned to each cell of the factorial arrangement 
of between subject factors. A significant main effect was 
PuSSChteLCt MC LS Olayeoizc7e rly sl2)e 28.600, pete. 05. 
FiceumLaliOm OL ties DI Uritdingeirect was not statistically 


Significant although there was a trend in the expected 
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direction of a decrease in performance under larger as 
CoOlparcds tOpsiidslereerUmconditions, F (2, 12) = 2.50, p = 
-25. For all of the remaining main effects and interac- 
PLONomticmreratlosawereslLessethan unity. ~The data were 
converted to proportions and the transformation @ = 2 arcsin 
NP was performed as suggested by Winer (1962, Dee ea 
analysis of variance was performed. The conclusions were 
the same as for those of the untransformed analysis. A 
Significant main effect was found for display size, 

Eee eee) ee Se U0 eee eu reratiO for the LLU smain 
effect was higher though still not achieving statistical 
Sreinae weiner, 1 (Ula. Ava Sa Paatsisien jon tently ey Bib ope: lelels) pats 
maining main effects and interactions were not statis- 
Ercatlvestonim1 CcanteangsclosemtOuunity. Due to the small 
number of subjects and the exploratory nature of the study, 
Duncan's multiple range test was Carre out on the simple 
main effects of ITU at the two display sizes using the un- 
transformed data. The means did not differ for the four- 
consonant display size. However, there was a significant 
difference (p < .05) between the 0 ITU and 5 ITU condition 
at the eight consonant display size. Duncan's multiple 
range test was carried out for the simple main effects of 
display size at the three ITU conditions. Subjects under 
display size eight performed significantly lower (p < .05) 
‘than did subjects under the four element condition at the 

5 ITU condition only. A graph of the means for the display 


size and ITU conditions is shown in Figure 2. All of these 
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80 
means Significantly exceeded the 50% chance level of respon- 


ding (p:< .0l, one-tailed). 


o-—-——°o FOUR-ELEMENT DISPLAYS 


¢#———* FIGHT-ELEMENT DISPLAYS 
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ITU IN SECONDS 


Figure 2. Mean proportion of correct responses as a 
function of the interval of temporal uncer- 
tainty (ITU) for the two display size 
COndaeLOns 

As found by Neale et al (1969) subjects performed 

better when only three as compared to seven distractor 
consonants were present. Furthermore, these data indicate, 
although weakly, that when the task is difficult enough, 

as in the eight-consonant display size condition, ITU is 

a determinant of selective perceptual recognition. Under 
the eight-element condition the subject has to rely more 

on selective processing of the information than iecues Our 
element condition in order to achieve optimal performance. 


It is under the eight-element condition that subjects 


evidenced higher performance when display onset was per 
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fectly predictable (0 ITU) than when it could occur by chance 
Witiitma sovvomseconamintenvale (5)bTU) eOnsthe basis»of 
these results it was decided to include the ITU variable in 
the main study on psychiatric patients. For the remaining 
pilot studies and the final study only eight-element dis- 
play sizes were used. This study indicated no difference 


between the 50 msec and 30 msec exposure conditions. 


PILOT EXPERIMENT 2 


Performance on the selective recognition task outlined 
in pilot experiment 1 may be in part a measure of selec- 
tivity of perceptual recognition and in part a measure of 
span of apprehension, the number of elements that can be 
nonselectively recognized. It was decided to explore 
the effect of ITU and exposure duration using a nonselec- 
tive span of apprehension task. It was expected that such 
a task would provide a baseline measure of span to be com- 
pared to selective recognition performance in the main 


StudyeOnulpsyChiiatric patvents. 


Method 


Subjects 


A new sample of the same population of undergraduate 
students described in pilot experiment 1 was used for this 
study. Six males and six female students were tested. The 


mean age of the twelve students was 20.1 years with a 


A" 


















ame, °)°: me fh 
GAtiaite Va “eow ofyeesgs raise neat S at po} edge 

20, Biesg:) =09 RD 14 als 0) Tevyerni: osossey we 

ni ides uae NF Syi2 putea cy, bub dowd cov oh * 

ae ierrs: sits ee  aiaoisee Qitesinge® a6 Tes . 

-azb 3 o-tim.> vivo? yes fee)? and one Pe 

SOI IO2S | ', OS36> Coin Se ee boas —— dort. y < j 


os 
10 STEOU KE Seem OS" ire, vem we ot it 





SiS VOT g ] a 7 a Z a 
o) alae <7 


ie ood  evizse iss saps enema at “34 

1) supvesh nt panechh Ba veal tga baepes aehig ak” 

| 3 cosas i pega fopemgn tpg 7 Pe 
of Oe ; aseoialg 2S fateh ees adtsnndetqan to ogee 7 
| 4 5S35)565) tie 3a heute seria 


sHanb) as Haine Oe rt 39 350336 ia 





a 
7 
: ’ 


ewiltt) Voters Ssgot@bpae Fe° ‘aaa. evi: : 

oa. az Sde Ao esrehan sedi 716 2 obsvogg biaon- es2 2a 
ae ig Hi soneiniolday fais iebes ovisenise OF ik ie 
inwstey clade iipyag ey | 

. | ot 


co. 


rangewomela co 26myears old. All of ‘the ‘students had 
20/30 or better corrected near visual acuity. The session 


took approximately one hour including breaks. 


Design 

Three independent variables were included in the ex- 
periment. These were ITU, exposure duration and order of 
two within-subjects exposure durations (50 msec and 30 
msec). These three conditions are exactly the same as 
those described in pilot experiment 1. Exposure duration 
was the only within-subjects factor. Order of exposure 
duration conditions and ITU were between subjects condi- 
tions. The design then consisted of a 3 (ITU) x 2 
(Exposure Duration) x 2 (Order) factorial arrangement. 
One male and one female subject were randomly assigned to 
each of the six between-subject cells. The dependent 
variable was the mean number of consonants correctly re- 
Called trom al brier exposure (30 msec or 50 msec) to a 


display of eight consonants. 


Apparatus 

The equipment and stimulus materials were exactly the 
same as those described in pilot experiment 1 with the 
exceptions which follow. Stimulus Materials consisted only 
of arrays of eight consonants. The consonanvsel-and=F i had 
the same relevance as any of the other 19 consonants of 
the alphabet. For each of the stimulus cards eight con- 


sonants were randomly drawn without replacement from the 
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2 Weconscnantsrot the salpnabets (including thesletter’Y).- 
They were then randomly allocated to eight of the 16 


positions in the imaginary 4x4 matrix. 


Procedure 

The instructions are exactly the same as those used 
in pilot experiment 1 except that the subject was not hehe 
structed to selectively attend to whether a T or an F was 
present on the screen. Instead, subjects were instructed 
to perceive as many consonants as they could and report 
them as soon as the display of letters had disappeared 
from the screen. Subjects were required to report eight 
Tetters! ofeache trials in’ order to control! for the: possibil- 
ity of more guessing on the part of some subjects as com- 


pared to others. 


Results 

The measure of the dependent variable was the mean 
number of correctly recalled consonants for each of the two 
exposure duration test trial blocks. A 3 (ITU) x 2 (Order) 
x 2 (Exposure duration) analysis of variance was performed 
with the only within-subjects factor being exposure dura- 
tion. Two subjects were included in each cell of thesbac— 
torial arrangement of between-subject factors. The only 
significant effect was for the Order by ITU interaction, 
ay, 6)e =F G29 8) 9p) =F5005: The use of Duncan's multiple 


range test revealed that subjects performed significantly 


higher (p <.05) on both exposure duration conditions 
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together under the 2 ITU condition than under the 0 ITU 
and 5 ITU conditions when the 50 msec condition preceded 
the 30 msec condition. However, subjects performed signi- 
ficantly higher) (p <~05)) on the 5 ITU condition 

than on the 2 ITU condition when the 50 msec condition 


followed the 30 msec condition. 


As in the previous study exposure duration did not sig- 
nificantly affect performance. Exposure duration was held 
constant at 50 msec for the remaining pilot experiments and 
the main study on psychiatric patients. There was no. ten- 
dency for span of apprehension to be affected by the ob- 
jective temporal predictability of stimulus onset as mani- 


pulated in the three ITU conditions. 


PILOT EXPERIMENT 3 


It was considered advisable for the main study on 
psychiatric patients that a method of assessing span of 
apprehension be developed which did not require the subject 
to recall and recite all of the elements that he had per- 
ceived. The stimulus elements which are recognized and 
then verbally labeled during a brief exposure to an array 
of elements are available for storage in active verbal 
memory. During the recall and recitation of the elements 
encoded, a response interference during recitation might 
interfere with a full verbal report of the number of ele- 


ments actually encoded. It was believed that response 
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interference during recall might be particularly accentua- 
ted in schizophrenic patients. Therefore, it was decided 
to introduce after the iconic image of the display had 
faded, two letter consonants one of which had been present 
in the display to which the subject had been exposed. The 
subject would then be instructed to select which of the 
two consonants he recognized as being present in the dfs = 
play of letters he had just encoded. We then sought to 
develop a post-stimulus recognition measure of span of 
apprehension which did not require the recitation acer Uew 
MevOrtEOLmcile consonants which had been perceived. Further- 
more, such a method would allow a measure of span expressed 
in units comparable to the selective recognition target- 
letter measure. The only difference woulda be that in the 
selective recognition task the subject knows which of two 
target letters he is attending for prior to stimulus onset 
and these two target letters are the same for all of the 
trials. On the other hand, in the post-stimulus span of 
apprehension task the subject receives a set OlecwoOmdl cel 
native letters which is not known until after the stimulus 
has been exposed and which varies from trial to trial. 
Thus he can only maximize his performance by perceiving 

as many elements as possible during exposure to the letter 


display. 


To the above end it was necessary to assess the length 
of iconic sensory memory for the exposure duration ands. .L— 


lumination values to be employed in the main study in order 
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that the post-stimulus alternatives not appear until the 


iconic image had completely faded. 


Method 


Subjects 

Another sample of the same population of undergraduate 
students described in pilot experiment 1 was used for this 
study. An exception was that two of the students were known 
to the experimenter and participated without receiving class 
credit. Ten students were tested. There were two males 
and eight female subjects. The mean age of the ten stu- 
dents was 19.5 years with a range of 18 to 24 years old. 
All of the students had 20/20 corrected near visual acuity. 
The session took approximately two hours including several 


long breaks. 


Design 

The design was patterned after that of Sperling (1960). 
The independent variable was the time in seconds which a 
tone, indicating which of three rows of consonants the sub- 
ject was to perceive and remember, preceded or followed the 
offset of the letter display. A simple ay Menage et condition 
was also included. The independent variable was given in 
the same ascending order to all subjects. The dependent 
measure was the proportion of letters correctly reported in 


the correct display position. 
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Apparatus 

The stimulus displays consisted of arrays of conson- 
ants constructed as follows: an IBM Selectric typewriter 
with a number 10 Orator element was used to type upper-— 
case consonants on white, unlined 3x5 in. index cards. 
Cards were mounted on Masonite boards as described in PUuLoOe 
experiment 1. Ten sets of cards were constructed. Each 
set consisted of three practice trials and 12 test trials. 
On each card each display of letters consisted of three 
rows with three consonants in each row. For each stimulus 
card, nine consonants were randomly drawn without replace- 
ment from the 21 consonants of the alphabet Gncluding etic 
letter Y). They were then randomly allocated to the nine 


positions in the 3x3 matrix. 


The displays were viewed in the same fashion described 
in pilot experiment 1 with the exceptions which follow. 
Because this procedure (Sperling, 1960) requires the sub- 
Hecimro Utilizegand Gesvonamacconding to visual-spatial 
information, it was found necessary to increase the retinal 
angle subtended by the letter displays in order to replicate 
the iconic memory phenomenon discovered by Sperling. Large 
11.3 cm magnifying lenses were placed at an appropriate 
distance in front of the stimulus arrays and the fixation 
dot. The framing arrangement and lighting..in, the tachis— 
toscope made the presence of these lenses undetectable 


to tthe «subject. 
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The 3x3 matrix on consonants covered an area which 
subtended a visual angle 2oerse (.0394 rad) wide by 2° 49! 
(.0492 rad) high. Each letter subtended a visual angle 
Uo OO 2a rad) mw idemh yas 6. Bom Gs0 105 rad)eehighnes =the 
fixation dot subtended a visual anglesonpe9 (20026 rad). 
The stimulus and fixation fields consisted of a rectangle 
of illumination framed by a completely dark surround. 

The framed visual field covered an area which subtended a 
Visudaleang emotes jomel Ien(ael27ic rad) wide by 6° 6' (.1065 rad) 
high. s Ihe stimulus) field) had al) luminance of 6.0 £10 ‘The 
fixation field had a luminance of 1.5 ftl. Filters were 


employed as described in pilot experiment 1. 


After the card was inserted into the tachistoscope 
the experimenter indicated that he was ready. The trial 
was initiated when the subject pressed a button which auto- 
matically triggered the onset of the stimulus display 5 
Sec after the button press. This delay was controlled by 
a Model 500 Western Bio-research Preset timer. The stim- 
ulus display appeared for an exposure duration of 50 msec. 
POE the partial—-report conditions an indicator tone of 
76 db. produced by an audio oscillator instructed the sub- 
ject as to’ which of the three display rows to attend to. 
Attention to the rows was indicated as follows: top row, 
220UMic mlLadle LOW, o40 HZ bottom row, LoS He. The 
indicator tone lasted for a duration of .5 sec. For the 
partial-report conditions the subject's button press not 


only triggered the .5 sec delay and stimulus onset; it also 
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triggered a timer which controlled the tine oOfvonset orf =the 
indicator tone. With this arrangement the following delays 
between offset of the 50 msec Stimulus display and onset of 
the .5 sec indicator tone were employed: - .10 sec, 0 sec, 
Teel sesecc e+e sO0'sec, et .50 sec; +71. 007%sec, + 2.00 sec, 

+ 3.00 sec, and + 4.00 sec. Training with the indicator 
tones used an indicator tone onset which preceded the off- 
set of the stimulus display by .55 sec, i.e. a delay of 

- .55 sec. This was accomplished by the button press auto- 
matically triggering the indicator tone and the .5 sec pre- 
stimulus onset delay. Indicator tone-onset delays and tone 
duration were controlled by Model DT203 Western Bio-research 
Indicating Preset timers regulated by a Western Bio-research 


Modelepridle clock. 


Procedure _ 

Each subject was given a standard set Opeunsteruceions. 
First the subject was familiarized with the nature of the 
displays of consonants and examples of displays were shown 


at .5 sec and 50 msec exposures. 


Full-report procedure. This condition was received 
first by all of the subjects. The subject was instructed 
Simply bo thy tO perceive and remember as eng Orstic Cons 
sonants and their locations as he could. He was told to 
report these letters by filling in the appropriate letters 
in a grid which was placed in front of him under the tach- 


istoscope viewer. He was instructed to fill-in all of the 
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nine spaces in the grid with nine different consonants even 
if he had to guess at some of them. The subjects button- 
press initiated the 50 msec stimulus exposure .5 sec after 
the press. The procedure was tried twice and then three 
practice trials were given. This was followed by 12 test 


Exyita Ss 


Partial-report procedure. The subjects were instructed 
that in this procedure everything would be the same as ike 
was before except that on each trial they would hear a 
tone which would indicate which of the three rows they 
were to attend to and report. They were instructed to 
indicate on their grid the three consonants and their loca- 
tions in the row that had been indicated by the tone. The 
correspondence between the three tones and the three rows 
of the letter display was demonstrated. They were TOLUBNOT 
to try to guess which row would be indicated but to wait 
until the indicator tone had sounded to focus their atten- 


tion on a particular row of consonants. 


Forty training trials were then given with the tones 
preceding the offset of the letter display by. 208 SeC yd 
delay .Ocmom- 50 SCC wma liusswas followed by three practice 
and 12 test trials at each of the delay conditions in 
ascending order for all subjects as EO LOWS - see Uo Co, 
OmSeCC yt eel a SCC he 5 UESeCy At POUrcecy tal. UlUESeC te. 00 
sec, +-3-.00 sec, and + WeO00uSsec«4 bor Gach set of 12 test 


trials each of the three target rows occurred exactly four 
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times. A different random permutation of the sequence of 
target-row selections was employed for each of the delay 
condition trial blocks. The three practice trials for each 
condition contained one of each of the target rows, separ- 
ately permuted for each of the delay conditions. The same 
ascending presentation of the delay conditions within each 
subject was recommended by Sperling (1960) as giving the 
best estimate of the decay of iconic sensory memory. The 
rationale given for the partial-report procedure is that as 
long as information is available in iconic memory the indi- 
cator tones will allow the subject to selectively encode the 
letters in the row which was been cued. As long as the icon 
is still present when the tone sounds, the proportion of 
correctly identified letters for the cued row will exceed 


the proportion correct under the full-report condition. 
Results 


The dependent variable used was the proportion of cor- 
rectly reported consonants in the correct location on the 
grid. The proportions are based on three possible conson- 
ants in the partial-report conditions and nine possible 
consonants in the full-report condition. A one-way re- 
peated measure analysis of variance was performed using the 
nine delay conditions and the full-report condition. The 
effect of delay including the full-report condition was 
highly significant, F (1, OG) = 956297) pe. 005 conservative 


test. The exact same significance level was achieved with 
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aneaccsin tuanstormation of “the data. 


Dunnett's test comparing each of the delay condition 
means (partial-report conditions) with the full-report 
mean was performed for the original and transformed data 
since the comparisons of interest were those indicating at 
what delay interval the subjects were no longer able to 
PrOMiCecrOoMmetucmpanrtidl-reportesprocedure. | ihe significance 
of these t values was evaluated using one-tailed tests and 
the nonconservative number of degrees of freedom. These 
tests indicated that subjects performed significantly higher 
(p < .05) in the partial-report conditions as compared to 
CiemouUE EL repertmconal Lon supstosbutmenot including) the 
+ 3.00 sec delay condition. A .5 sec allowance was made 
for the duration of. the Indicator tone. It was thus deter- 
mined that the iconic sensory memory image may not have 
fully disappeared until 3.5 sec had elapsed since stimulus 
offset. On this basis a 3.5 sec delay from stimulus offset 
was employed in the post-stimulus recognition procedure. 
Figure 3 shows the decline in partial-report performance 
as the delay of the indicator tone increases. As can be 
seen iconic memory, as measured here, decays rapidly up to 
one sec after stimulus offset and then levels off and drops 


to full-report level of performance. 


MEAN 
PROPORTION .5 
OF RESPONSES 
CORRECT 


DELAY OF TONE ONSET IN SECONDS 


Mrgucems mee rOPOLt On OL COLreCtlLy reported Consonants 
Mimcie coprecumlocati Ohnwasma sruncti1onwoL 
delay of indicator tone from stimulus offset 
and the full-report (FR) condition. 


PILOT EXPERIMENT 4 


On the basis of pilot experiment 3 the post-stimulus 
recognition procedure was developed. The subject was to 
perceive and remember as many consonants as he could and 
then select which of two letters which appeared afterwards, 
below the screen, he recognized as a letter present in the 
display he had just seen. This experiment was designed to 
find out whether subjects would perform at above chance 


levels using the new procedure and to examine the effect 
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of ITU on span of apprehension as measured by the new method. 
Method 


Subjects 

A different sample of the same population of under- 
graduate students, described in the previous experiments, 
was tested. Six males and six female students were tested. 
The mean age of the 12 students was 19.4 years with a range 
Ofelia eCOme be YCALG sold peyA Li of) the "subjects: had 20/30 or 


better corrected near visual acuity. 


Design 

The dependent variable was the number of correct re- 
cognitions of the pairs of post-stimulus alternatives. The 
independent variable was the ITU. A randomized groups de- 
sign was employed with four subjects (two males and two 
females) being randomly assigned to each of the three ITU 


conditions. 


Apparatus 

The set-up for this experiment is exactly the same as 
that of pilot experiment 2 with the exception that only 50 
msec exposure durations were used and that the post-stimulus 
method rather than the recall method was used. The stimulus 
materials are the same ones used in pilot experiment 2. In 
the present experiment 16 practice trials and 64 test trials 
were given. For each of the displays one of the eight 


consonants was randomly selected for inclusion as one of the 
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post-stimulus alternatives. The second of the Pawo mepost— 
stimulus alternatives was randomly selected from the 13 
consonants which were not included on the stimulus card. 
The only restriction was that the correct post-stimulus 
alternative occur twice in each of the 16 locations in 

the imaginary 4x4 matrix of letters for two 32-card blocks 
of the 64 test-trial cards. There was no restriction, on 
the location of the letters in the 16 practice trial cards. 
All subjects received the stimulus materials in the same 
order. The warning tone initiation, ITU conditions, and 
automated sequence of the stimulus event was the same as 
that used in pilot experiments 1 and 2. At the offset of 
the stimulus a small relay, packed in a box stuffed with 
insulation material, was triggered. This relay triggered 
the timers which controlled the 3.5 sec delay of post- 
stimulus alternatives and the 5.0 sec exposure of the 
post-stimulus alternatives. Two Western Bio-research 
Model DT203 Indicating Preset timers controlled these time 
intervals. They were regulated by a Western Bio-research 


Model DT101 clock. 


Arrangement of the ost-stimulus alternatives. These 
alternatives were presented in pairs. The letters were 
arranged inside the tachistoscope directly in front of and 
below the first of two framing units in the stimulus channel. 
There were three rows of seven consonants each arranged in 


alphabetical order. Consonants were upper-case bold opaque 
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letters embossed on small semi-transparent light covers: 
Each circle of light subtended a visual angle 159" 

(0 202m rod peancenadmam.umsinance Of leo 7ftl.. Each letter 
Suptenced~a vVisuaieangle.of 29% 15" {.0085 rad) square. 
The total array of 21 lights subtended an area 13° 50' 
(oat deecad awidenbys 525 ')0(70946 rad) high. At the be- 
ginning of each trial the two alternatives were preset, using 
a switch board, by the experimenter and automatically lit 
up 3.5 sec after the stimulus offset. The light filters 
in between the stimulus display and the bank of post- 
stimulus lights prevented any illumination of the stimulus 


materials when the two post-stimulus lights were on. 


Procedure 

The same standard set of instructions was given to all 
subjects. First the nature of the stimulus materials was 
explained. The subject was told that on each trial he was 
to perceive and remember as many of the eight consonants as 
he could. Two examples were shown at .5 sec exposure auiias 
ations. Then the subject was told that on each trial two 
letters would appear below the screen a short time after 
the display of letters had disappeared from the screen. He 
was instructed, “Only one of the two letters will have been 
present in the eight-letter array that, t lashed. sous are sco 
select, at the end of each trial, which of the two Jetters 
was present in the eight-letter array you SAaWs. ue, pLoOs 


cedure was practiced twice at a 5 sec, -.9 sec and 50 msec 
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exposure duration. For each of these trials, the subject 
was shown the display of letters again after his response 
anu sie wasesnOwn) thatetne GOrrectsletter had been present 
in the display. The ITU procedure was introduced as out- 
lined in pilot experiment 1. The total procedure including 
the ITU condition was practiced twice. Then the eight 
practice trials and 64 test trials were given. A long break 
was given after 32 test trials. Smaller breaks were given 


every 16 test trials. 


Results 


The measure of the dependent variable was the number 
of correct post-stimulus-pair choices. A one-way randomized 
groups analysis of variance was performed with four subjects 
(two males and two females) in each cell. There was no 
S Gnliicant eet cectsOLellU ge Ee mal we acheOot fhe meanseror 
the three ITU conditions significantly exceeded the chance 
level of 50% correct nesponses (p < .O1, one-tailed). 
This small study indicated that the objective temporal pre- 
dictability of stimulus onset is not a determining factor 
in span of apprehension performance as measured by this 
post-stimulus recognition method. These findings agree 
with those of pilot experiment 2 in which a recall method 
was employed. It was noted that subjects found this new 
method to be far less laborious and frustrating than the 


recall method. It was decided to employ this new method 
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in the main study on psychiatric patients. 


SUMMARY OF THE RESULTS 
OF THE PILOT STUDIES 

Pilot experiment 1 provided some Svicence msm OGeasLos 
duced selective recognition of target letters when the onset 
time of the stimulus display was highly unpredictable 
(5 ITU) as compared to zero objective temporal uncertainty 
(0 ITU). This obtained only for the eight-element array 
condition. It was therefore decided to employ an array size 
of eight consonants for the main study. Furthermore, at 
was believed that the use of eight-element arrays would 
lessen the chances of ceiling effects in the main study. 
There was no indication of an effect of ITU on span of 
apprehension performance using either the recall method 
(pilot experiment 2) or the post-stimulus recognition method 
(pilot experiment 4). Pilot experiments l and 2 revealed 
no statistically significant differences between 50 msec 
and 30 msec exposure durations for either selective recog- 
nition or span of apprehension scores. Therefore, it was 
decided to hold exposure duration constant at 50 msec LO 
the main study. Pilot experiment 3 provided an estimate 
of the post-stimulus latency time for complete decay of 
iconic sensory memory. This estimate was a latency of no 
greater than 3.5 seconds. This estimate, based on the 
exposure duration and luminance values employed in the main 


study, provided the data required for the introduction of 
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a pair of post-stimulus alternatives as soon as possible 
after iconic memory had faded. The post-stimulus recog- 
nition measure of span of apprehension does not require the 
subject to fully recall and recite all of the letters that 
he has perceived on a particular tachistoscopic exposure 
trial. He simply selects which of two post-stimulus letter 
cues he recognizes as having been present in the array that 
he has just viewed. This method is described in pilot 
experiment 4. Pilot experiment 4 revealed above-chance 
performance levels using the post-stimulus recognition 
measure of span of apprehension. Subjects found Ci SsmoOLro= 
cedure to be far less tiresome and frustrating when their 
verbal reports were compared to subjects tested under the 
recall procedure of pilot experiment 2 ee Lie spost-Stimulus 
recognition procedure was employed as a measure of span of 
apprehension in the main study in order to avoid the pos- 


sibility of response interference during recall. 


During the pilot experiments many subjects complained 
of a sense of subjective strain which they attributed to 
the horizontal narrowness of the stimulus field framing 
arrangement. As a result of these complaints the horizontal 
frame dimensions were widened for the main study. The ex- 
perience of running the subjects in the pilot experiments 
allowed for the elimination of virtually all equipment 
failures and provided the training needed for the smooth 


running of subjects in the main study. 
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CHAPTER III 
MAIN STUDY 


The main study was carried out on psychiatric patients 
at Alberta Hospital, Oliver. The study was divided mntoe 
two separate experiments employing the same subjects. The 
first experiment was patterned after the pilot studies and 
involved the assessment of selective perceptual recogni- 
tion and span of apprehension at various levels of the 
objective temporal predictability of stimulus onset fon 
briefly exposed visual displays of letters. The second 
experiment involved the assessment of sensory-motor syn- 
chronization. These two experiments were both carried out 
Onpaegroup OLepsyChiachic patients with a confirmed diag- 
nosis of schizophrenia and a second group of psychiatric 
patients with nonschizophrenic diagnosis. Due to the 
ScarcitysoL newly admitted or re-admitted relatively non- 
medicated schizophrenic patients with a minimum amount of 
total life psychiatric institutionalization, the testing 
of psychiatric patients took over one and one-half years. 
After the testing of psychiatric patients was completed the 
same two experiments were conducted on a reference group of 
male undergraduate students at the University of Alberta, 


Eamonton. 
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PERCEPTUAL EXPERIMENT 


Method 


Subjects 


Thirty-two male schizophrenic patients and 32 non- 
schizophrenic male psychiatric patients were tested in 
both experiments as they became available at the hospital. 
After testing at the hospital was completed, 32 male under- 
graduate university students were tested with the same ex- 
perimental set-up at the University of Alberta. The stu- 
dents came from the same basic population as those des- 
cribed in pilot experiment 1. Henceforth, the non-schizo- 
phrenic psychiatric patients will be referred to as the 
psychiatric controls. The means and standard deviations 


for age and education are given below in Table l. 


Table l 


Age and Education Data for the Three 
Subject Groups 


ses 


Schizophrenics 2 
Psychiatric Controls 1255 
Students LOL 
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The two patient groups did not significantly differ with 
respect toOneducation sty i(62)) =) 1.23, p = .30 two-tailed 
test. Schizophrenic patients were significantly, though 
slightly, older than the psychiatric controls, tia(62)a= 
2.53, p<.05 two-tailed. Statistical tests were not car- 
ried out on the differences between the patient groups and 
the students since the students were deliberately picked. 
aS a more homogeneous younger and better-educated reference 
group. The student group was included in order to find out 
how a sample which would be expected to show a highly effi- 
cient level of performance would actually perform relative 
to the psychiatric patients. The students are not consid- 
GLredeGOsDe aa propersnoumalecontrol group. » Ondy.one of athe 
schizophrenic patients was left handed and two of each of 
the other groups was left handed. All students had 20/30 
or better corrected near visual acuity as measured by an 
eye chart. A breakdown in terms of marital status for the 
three groups is given in Table 2. 


Table 2 


Frequency Distribution of Marital Status 
Categories for the Three Seo 


ny= 32 5for, each group. 






Schizophrenics 





PovyChlad cule 
Controls 


Students 
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Each patient was first individually interviewed by the 
author and then individually tested as soon as possible 
thereafter. The testing session for the two experiments 
lasted about two hours with small breaks and one long break. 
The author served as the experimenter. He attempted to test 
every available patient who met tHnesselection criteria out] 
lined in the sections that follow. It was necessary to 
develop a good rapport and sense Otmetrustewithmthe psys 
chiatric patients, especially the schizophrenic patients. 
The experimenter assumed the role of a warm therapeutic~ 
ally oriented clinical psychologist who was interested in 
giving the patient some important tests of perception. 

Most of the patients considered the tests to be a part of 
the normal psychometric routine for persons newly admitted 
to the hospital. No patient was coerced into taking the 
tests. Patients who inquired were told that these tests 
werespacrt ofea study of the way that people who came to 

the hospital perceived the world around them. Each patient 
was related to with a genuine sense of respect and empathy. 
Prolonged discussions about the patient's experiences and 
problems were avoided prior to the testing and dunanoe the 
breaks. Only as much was discussed as seemed necessary for 
the author to maintain a receptive empathic rapport with 


the patient. 
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Hospitalization. No patient was tested who had col- 
lectively spent more than three years in a psychiatric ward 
or institution. Data as to number of psychiatric admissions 
(including the present admission), length of total life 
psychiatric hospitalization, and time elapsed since first 
psychiatric admission, and the number of days elapsed until 
testing after the present admission are given in Table 3. 
Although the schizophrenics had significantly more total 
life psychiatric hospitalization than did the psychiatric 
controls, the mean life hospitalization length of 179.72 days 
places these patients at a very low level of institutional- 
ization when compared to the large number of studies using 
schizophrenic patients with over three years of continuous 
PSsVellateicwiNnstitutiondlization. For the) schizophrenics 
an average of slightly over five years had elapsed since the 
first psychiatric admission. However, this distribution 
was positively skewed with 13 of the 32 schizophrenics 
having less than three years elapsed since the first admis- 
sion. The two commonly used cutoff points for specifying 
a schizophrenic patient as acute are less than two years 
and less than three years since first admission (Neale & 
Cromwell, 1970). Using the two year cutoff point, 11 schizo- 
DhrenicSsoutsor o2ewoulcdeberplaced, in tne sacuLle category. 
Usings the stnree year =cucoltt point, 13 schizophrenics out of 
32 would be placed in the acute category with one additional 
schizophrenic who had exactly three years elapsed since his 


ficst. admissions 
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Medication. No patient was tested who had recently 
undergone extensive antipsychotic medication therapy, i.e. 
phenothiazines, haloperidol, lithium carbonate, antidepres- 
sants. No subject was tested who had recently undergone 
electroconvulsive therapy (ECT) For most of the duration 
of the study a selection criterion of at least six weeks 
Since the last antipsychotic medication was used. However, 
as subjects became scarce a number of patients were tested 
who had stopped medication on their own from two to four 
weeks prior to admission or who had not taken medication 
for over six weeks but were given a few doses upon admission 
with a sufficient medication recovery period prior to testing, 
It was judged that none of these patients were under the 
influence of antipsychotic medication at the time of testing. 
Only one patient, diagnosed schizophrenic, was on anti- 


parkinsonian medication at the time of testing. 


Of the 32 schizophrenic patients, 21 had not taken any 
antipsychotic medication for over six weeks prior to the 
timesoretesting. | Onerschizopnrenic had not taken anti-— 
psychotic medication for four weeks and another for two 
weeks. For the remaining 9 schizophrenics medication was 
as follows: 6 had less than 200 mg average daily dose for 
1 to 2 days with from 1 to 6 days allowed for recovery; 3 had 
from 200 to 375 mg average daily dose for 1 to 2 days with 3 
to 10 days allowed for recovery. Dosage levels reported 


above are expressed in terms of equivalent chlorpromazine 
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dosage level based on a table of equivalents (Hollister, 
1970). Of the 32 psychiatric controls 27 had not taken any 
antipsychotic medication for over six weeks DELousecOecie 
time of testing. One psychiatric control had not taken any 
antipsychotic medication for one week. For the remaining 4 
psychiatric controls medication was as follows: 92 nad less 
than 200 mg average daily dose for 1 to 4 days with 3 days 
allowed for recovery; 2 nad from 200 to 500 mg average 

daily does for 1 day with 2 to 5 days allowed for re- 
COVE GY EO c me CDG m2 schizophrenic patients 18 were on small 
doses of a minor tranquilizer (diazepam) and/or sedatives 
prior to the time of testing. Only 6 schizophrenic patients 
had taken a sedative the night before ‘aye. Ole ies 3 
psychiatric controls 18 were on small doses of a minor 
tranquilizer (diazepam or chlordiazepoxide) and/or sedatives 
DEloOcetOsrue stimc sof testing. Only 6 psychiatric Contyols 


had taken a sedative the night before testing. 


None of the psychiatric controls were on antidepres-— 
sant medication or lithium ee ae te at the time of testing. 
Two schizophrenic patients and Liwee Meyers serie controls 
had a history of hallucinogenic or amphetamine drug abuse. 
None of these subjects were under the eeience of these 
drugs at the time of testing. The low rate of patients who 
were given any antipsychotic medication at admission was 
made possible by requesting the psychiatrists to delay the 


commencement of drug therapy for a few days until testing 
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had been completed. 


Diagnostic information. The schizophrenic patients had 
all been given a carefully considered diagnosis by a psy- 
chiatrist or in seven cases a psychiatrically trained 
physician. After experimental testing was completed the 
diagnostician completed a symptom check list (see Appendix A), 
On a clinical basis 29 were judged to be process schizophren- 
ics, 2 reactive, and 1 undecided. "Mild" and “moderately 
disintegrated" were the most commonly checked categories 
with only six schizophrenics placed in the "severely dis- 
integrated" category. Break-down for classical type of 
schizophrenia was as follows: simple, 3; paranoid, 13; 
Cacalonlc,.> a nebeonrenic, 27 eunditferentiated, Li. For 
the 32 schizophrenic patients 28 were judged to have at 
least one positive Schneiderian symptom. Table 4 gives 
the frequency distribution of number of Schneiderian symp- 
toms present for the 32 schizophrenic patients. Table 5 
lists the eight Schneiderian symptoms and the number of 
schizophrenic patients reported to have each of the symp- 
COUS-eeLtUelSNuClearm £romstnese data that the majority of 
the schizophrenic patients were actively experiencing the 


psychotic process. 
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Table 4 
Frequency Distribution of Number of 


Schneiderian Symptoms Present for the 
Schizophrenic Patients 


Number of Schneiderian Number of 
Symptoms Schizophrenic Patients® 
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Pables 


Number of Schizophrenic Patients 
Exhibiting Each of Schneider's 
Symptoms of the First Rank 


Number of 
Scnuzopnrenic 
Symptom Patients 4 


Thought echo or thoughts spoken aloud 


Hallucinatory voices speaking about 
patients in the third person 


Hallucinatory voices in the form of a 
running commentary on the patient 


Bodily hallucinations experienced as 
sensations produced by an external 
agent 


Thought withdrawal, thought insertion 
or other influence on thought 


Thought broadcasting 
Delusional perception 


Passivity experience in feeling, 
drives or volition 


a 


Of the 32 schizophrenics 30 were judged to have atleast 


one of Bleuler's four fundamental signs (Bleuler, 


Table 6). Table 7 shows the number of schizophrenic pa- 
tients judged to have each of Bleuler's four fundamental 


signs of schizophrenia. As seen from Table 7, disorder 





For each symptom the maximum possible n was 32. 
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of association (formal thought disorder) and disordor of 
affect were the two most commonly reported signs. Flat 
and/or incongruent affect were the most commonly checked 
signs under the disorder of affect category. The number of 
schizophrenics found to have the other fundamental symptoms 
on the check list were as follows: 16, disorder of atten- 
tion; 15, disorder of will; 10, ego disintegration; 9, 
schizophrenic dementia; 28, disorders of activity and be- 
havior. Under disorders of activity and behavior "lack 

of initiative" (19 patients) and “incomprehensible behavior" 
(18 patients) were the most frequently checked subcate- 


gories. 


Table 6 


Frequency Distribution of Number of 
Bleuler's Four Fundamental Signs 
for the Schizophrenic Patients 


Number of the Four Number of a 
Fundamental Signs Schizophrenic Patients 
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Table 7 


Number of Schizophrenic Patients 
Exhibaecing Bach Of Bleuler’s Four 
Fundamental Signs of Schizophrenia 


Number of 
Schizophrenic Patients 


Disorder of association 
Disorder of affect 
Ambivalence 


Autism 


For each sign the maximum possible n was 32. 


For the schizophrenic patients premorbid adjustment 
was measured uSing the Ullmann-Giovannoni (1964) self- 
report scale (see Appendix B). This scale contains 24 
true-false items dealing with past and present Social adjusts 
ment. The schizophrenic patients had a mean score O Eee oe 2), 
SD = 4.62. Using the commonly employed cutoff DOU SeOLeU 
to 12 poor premorbid adjustment (“process schizophrenia) 
and 13 to 24 good premorbid adjustment (UreactlVe msc LZo— 
phrenia), 14 schizophrenics would be classified as having 
poor and 16 as having good premorbid adjustment. Held and 
Cromwell (1968) found that schizophrenics’ answers to the 
Ullmann-Giovannoni (U-G) item "IT have been or Sti lisa 
married" predicted scores on the Phillips premorbid rating 


scale better than the total U-G score. Dsincde cits) 2ceM, 


only, 18 schizophrenics were classified as having poor and 
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14 as having good premorbid adjustment. 


Patients with organic or toxic disorders, senile 
dementias, severe and recent drug abuse, and the mentally 
retarded were not included as psychiatric controls for this 
Seiya Ocmene ms mpsvichiatric conerols ily had@a primary 
diagnasis of depression (5 endogenous depression, 4 
reactive depression, 2 chronic depression); 3 had a eNgik= 
mary diagnosis of manic phase, manic-depressive psychosis; 
1 hypomania; 1 paranoid psychosis; 13 had a diagnosis of 
personality disorder or inadequate personality (8 with 
a secondary diagnosis of anxiety state or depression); 3 


had a primary diagnosis of anxiety state or anxiety neurosis. 


Five schizophrenic patients were originally selected 
for inclusion in the study but were either too thought dis- 
ordered or too disintegrated to understand the instructions 
and testing had to be discontinued. Ten schizophrenic pa- 
tients and one psychiatric control refused to take the tests 
once in the experimental room. In most of these cases 
either an explicit delusional system was operating or the 
patient was too ambivalent to take any kindsohmaeccisive 
action. None of the above subjects were included in the two 
groups Of g32 schizophrenic patients and 32 Bevenieer iG con 
trols tested for this final study. Testing was completed 


for all of the subjects in the final study. 
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Design 

The dependent variables used were the number of correct 
responses on each of the two experimental tasks. Each 
subject received both perceptual tasks. The selective 
‘attention task required the subject to selectively recog- 
nize which of two target letters, "T" or Up ye was) Presenc 
in a display of consonants briefly exposed in a tachisto- 
scope. The span of apprehension task required the subject 
to perceive and remember as many consonants he could and 
then choose which of two letters that appeared afterwaras 
was the letter present in the visual display he had just 
seen. These two tasks provided two aifferent measures of 
perceptual functioning expressable in the same unLeSeol 
measurement and with equivalent chance TeavelseotspenLors 
mance. Thus, quantitative comparisons could be directly 
made between performance scores on the two tasks. The 
design of the experiment was mixed factorial with the 
three intersubject factors: diagnostic group, interval 
of temporal uncertainty (ITU) of the time of stimulus 
onset, order of the two perceptual tasks; and with one 
intrasubject factor -- the two perceptual tasks. To 
summarize, the mixed factorial design was: 3 (Diagnostic 
group) x 4 (ITU) x Dea (Orde) Belz, (lask)y (the first three 


factors between subjects, the last factor within subjects). 
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Within each diagnostic group, four subjects were randomly 
assigned to each of the ITU x Order contingencies. / Each 
subject received the two perceptual tasks under the same 


TM eCOnG it Lon. 


Apparatus 

The stimulus displays consisted of arrays of conson- 
ants which were constructed as follows: Upper-case con- 
sonants were typed on a white, unlined 3x5 in. index card 
uSing an IBM Selectric typewriter with a number 10 Orator 
element. Cards were mounted on 12.8 x 24.3 cm Masonite 
boards for insertion and withdrawal from the tachistoscope. 
In order to widen the visual field, strips of the same 


index card material were fixed to the masonite boards and 


"por each of the two patient groups the subjects were 
randomly assigned to the eight possible ITU x Order con- 
tingencies by sampling the allotments with replacement for 
each subject. ‘This procedure made it equally likely that 
a patient would be assigned to any of the contingencies 
independent of the allotments of patients already tested 
and hence prevented the experimenter from having any pro- 
babilistic knowledge as to which treatment a patient would 
receive when he was recruiting the patient. After approx- 
imately two thirds of the patients in each group had been 
tested the procedure was shifted such that the remaining 
subjects were given a random selection without replacement 
of the allotments needed to fill up each cell. The shift 
took placelduerto the®scarcity of patients and the Bossi 
bility that with the earlier procedure too many extra sub- 
jects would have to be tested and then randomly rejected 
ipeOrdereunat alleoue tne cells would be filled Thesuse 
of the initial randomization procedure resulted in two 
extra schizophrenics being run and no extra psychiatric 
controls. For the students allotments were randomly 
sampled without replacement. 
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were fitted perfectly to the sides of the 3x5 in. cards. 
Two sets of cards were constructed, one set for each of the 
two perceptual tasks. Each set consisted of 16 practice 
trials and 64 test trials. For the selective attention 
task letters were allocated after the manner of Neale et al 
(1969). An imaginary 4x4 matrix of 16 letter spaces was 
located in the center of each card. Each array contained 
one and only one of the two target letters, a T or anF, 
plus seven distractor consonants; for the Camtes ta tia ts 
each of the two target letters appeared twice in each Of 
the 16 possible matrix locations yielding a total ope 2 
test-trial cards with the letter T and 16 test-trial cards 
with the letter F. The 16 practice-trial cards contained 

8 cards with the letter T and 8 cards with the letter F. 
The location of the target letters was independently al- 
located for each of the 16 practice-trial cards without any 
restrictions. For each of the stimulus cards seven non- 
target distractor consonants were randomly drawn without 
replacement from the remaining 19 consonants of the alphabet 
(including the letter ¥). They were then randomly allocated 
to seven of the positions remaining in the imaginary 4x4 


Matix « 


For the span of apprehension task letters were alloca~- 
ted after the manner of Cash, Neale and Cromwell (1972). 
An imaginary 4x4 matrix of 16 letter spaces was located in 


the centre of each card. For each of the stimulus cards, 


vs. 







133 et da 
_ - 


s 
6 Seep DEB. vsew goa a 


> an 


PLS ith 
: a 


Py 


eight consonants were randomly drawn without replacement 
from the 21 consonants of the alphabet (including the 
letter Y). They were then randomly allocated to eight of 
the positions in the imaginary 4x4 matrix. Then for each 
of the displays one of the consonants was randomly selected 
for inclusion as one member of the pair of post-stimulus 
alternatives for that display. The second of the post- 
stimulus alternatives was randomly selected from the 13 
consonants which were not included on the stimulus card. 
The only restriction was that the correct post-stimulus 
alternative appear four times in each of the 16 locations 
in the imaginary 4x4 matrix of letter spaces over the 064 
test trials. There was no restriction on) the location of 
the correct post-stimulus alternative for the 16 practice- 
trial cards. One new random permutation of each of the 
two sets of test-trial cards was performed after the cards 
were typed. The same two permutations of practice and 
test trials for the selective attention and span of appre- 


hension sets were given to all of the subjects. 


The imaginary 4x4 matrix covered an — which subtended 
a visual angle 1° 46' (.0308 rad) wide by 2° 5' (.0363 rad) 
high. Each letter subtended a visual angle 8' 28" (.0025 
rad) wide by 16' 55" (.0050 rad) high. There was a border 
to border 23' 16" (.0068 rad) horizontal and Pope eee UUSo 
rad) vertical separation between the characters Inecoeamag— 


inary 4x4 array of letter spaces. In other words these are 
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the minimum inter-consonant separation distances possible 
for any given array. Pigure 1 in=the p2tot experiment 


section gives an example of an array Of consonants. 


For both perceptual tasks the displays were presented 
in a Scientific Prototype Model 800E two-channel tachis- 
toscope. ‘The center of the pre-post stimulus fixation 
field contained a small black aot. The dot subtended 
a visual angle of 4' Tate OO0lee rac). Le subject viewed 
the fixation field and stimulus arrays through a rubber 
face-rest viewer with his head covered by a black opaque 
soft cloth which was attached to the viewer. The stimuli 
and fixation dot were at a respectively real and apparant 
distance of 81.3 cm from the subject. Both the stimulus 
and tixation fields consisted of a rectangle of Pe Puma = 
tion framed by a completely dark surround. The framed 
visual field covered an area which subtended a visual angle 
5° 38' (.0983 rad) wide by gowe7 aCeoses rad) nigh. = ALL 
viewing was binocular. The fixation field had a luminance 
of 1.5 ftl. and the exposure field had a luminance of 6.0 
ftl. All test and practice-trial stimuli were exposed for 
a duration of 50 msec. Kodak Wratten neutral gdensutcy «gelde= 
tin filters provided a reduction of luminance with the finer 
adjustments being made with the lamp controls on the tach- 
istoscope. The use of filters avoided the possibility of 
any flicker that might occur during stimulus onset or 


flicker that might occur during stimulus offset with a 
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Dartlally ignited bulb at the low setting necessary for 


filter-free attainment of the luminance values desired. 


For the three ITU conditions the sequence of operations 
was as follows: After the card was inserted into the tachis- 
toscope the experimenter initiated the trial sequence after 
the subject indicated that he was ready in response to the 
experimenter'’s indication that he, the experimenter, was 
ready. The experimenter triggered a Hunter Model 111-C 
Series D Decade Interval timer. This timer controlled the 
Curatwonsect aw.4esecewarning tonemof 255 kKHzplatlb65 "db., 
delivered by a Sonalert tone device hidden under the tach- 
istoscope. Warning tone offset initiated the preparatory 
interval preset for each trial. The preparatory interval 
was controlled by a Western Bio-research Model 500 Preset 
timer. When the preparatory interval had elapsed the tach- 
istoscope was automatically triggered and the onset of 
the letter-display exposure was instantaneously initiated. 
This ends the series of events for the selective attention 
task. For the span of apprehension task the offset of the 
50 msec stimulus exposure triggered a small relay packed in 
a box with insulating material to minimize any sound. This 
relay triggered timers which controlled a 3.5 sec delay 
for the onset of the post-stimulus alternatives and the 5.0 
sec exposure of the post-stimulus alternatives. Two Western 
Bio-research Model DT203 Indicating Preset timers controlled 


these time intervals. They were regulated by a Western Bio- 








Wid sali, ait; He oar a 
a te _ ; 


4 1s i bay 7 Pre 7 7 
+s Wu cee 
] a aS & “ 5 mn df « . adil, ’ he ox 


, a4 
ij atic?  oxppad tevte jal 4 bs7ed- a ‘éniaee 
. oi. =. 


. de * +4 rt roe 7 “rants kh. (4 
| a 
he > oy = » 
~ ~ ee pLipat y 
: 
. ; : wy wo | ar 
., 4 
~ t‘5onoe. LO 3925 
‘ Ao 
’ 
® . | 
t 200 ‘seu 2 
>, 
i 
f wy.7 
y * * 
’ * 
2 
‘“ 
i t] mr yw kt 


ey : e 






coy of 
eiteln pak 






‘8 


py? re Le os. niin nee ~ 






ma 2 aS Le ner _— $e sani ?°0. ftsene 





. “2 
1484 dik ows’ .devhe ene a ra 7 te oR ae. 
oe ve 


: Tf = , Sar 


spa) fens ane a re bse TS 
sitet 08 ha 






ra 
»* 


120 


research Model DT101 clock. The post-stimulus alternatives 
were presented via lights arranged inside the tachistoscope 
directly in front of and below the first of two framing 
units in the stimulus channel. There were three rows of 
seven consonants each arranged in alphabetical order. Con- 
sonants were upper-case bold opaque black letters embossed 
on small semi-transparent light covers. Each circle of 
light subtended a visual angle of 1° 9' (.0202 rad) and 

had a luminance of 1.5 ftl. Each letter subtended a visual 
angle of 29' 15" (.0085 rad) square. The LOvatnabbayaol 

21 lights subtended an area 13° 50' (.2414 rad) wide by ye 
25' (.0946 rad) high. At the beginning of each bia ae ne 
two post-stimulus alternatives were preset by the experimen- ~ 
ter, using a switch board, and lit up 3.5 sec after stimulus 
offset. The light filters in between the stimulus display 
and the bank of post-stimulus lights prevented any Sh IEEE thee 
dination of the stimulus materials when the two post-stimulus 
lights were on. For both perceptual tasks the self-initiate 
condition led to the same sequence of events already des- 
cribed except that the subject pressed a button which 
directly triggered the Western Bio-research Model 500 

Preset timer, which in turn triggered the onset of the stim- 
ulus display and the subsequent sequence OL events .o ane 
timer was set at .1 sec which in effect caused the stimulus 
display to appear just as the subject had completed his 
squeeze of the button. There waS no warning tone for the 


self-initiate condition. The barely audible relay click 
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which followed stimulus offset for the span of apprehen- 
sion was also triggered during the selective attention 
task in order to match these two tasks on every possible 
variable. The barely audible clicks generated by the post- 
Stimulus control timers were also left on during the 


selective attention task although the stimulus lights for 


the post-stimulus alternatives were, of course, turned off. 


In an attempt to match the inter-trial interval for the two 
tasks, the experimenter did not begin the next igibewh (One Sls 
selective attention task until the "span of apprehension" 


timers had timed out. 


Each subject was given both the span of apprehension 
task and the selective attention task under the same ITU 
condition or self-initiate condition he had been asSigned 
to. For the 0 ITU condition the preparatory interval (PI) 
was held constant at 3.0 sec for all practice and test 
trials. For the 2 and 5 ITU conditions possible PI values 
were graded in .1 sec intervals PangingecLlom e2-0etOes. 0 
secmtOrmitne 2) iTU condition and) 0.5 to 5.5 sec for the 
5 ITU condition. PI was measured as the time interval 
between the offset of the warning tone and the onset of the 
50 msec exposure of the stimulus display. Each subject 
received a different set of randomized PI ae Sed Cee 
test trials under the 2 ITU and 5 ITU conditions and a dif- 
ferent set for each of the two perceptual tasks. For the 


2 and 5 ITU conditions PIs were randomly sampled with re- 
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placement for each of the 64 test tra Lseand eacheort pthe 116 
practice trials for each task. A computer generated a quasi- 
random sequence of PIs for each subject and each task. For 
each of the 2 ITU and 5 ITU conditions 250 PI sequences were 
generated. Then out of these P50 miormeachel TUsvia Lucy] 4 

of the most rectangularly distributed sequences were selec- 
ted. These two groups of 74 sequences also met the re- 
striction that the mean PI for a sequence not deviate by 
more than + .2 sec from the mean PI value of 3.0 sec and 
that the minimum and maximum possible ITU value each occur 
at least once in the sequence. Pl sequences were then taken 
at random for each subject from the finalestock lol sequences 
just described. A different set of PI sequences was gener— 
ated for the four sets of 16 practice trials given by the 
two ITU conditions (2 ITU and 5 ITU) and the two tasks 
(selective attention and span of apprehension). These se~ 
quences were selected to provide a wide range of-sPi,values 


and were hela constant. 


Procedure 

The two perceptual tasks were given after the subject 
had completed the tap-click timing task and had a short rest. 
The same general stimulus orientation instructions were giv- 
en prior to each of the two perceptual tasks. In the gener- 
al instructions the subject was oriented to the tachistosco- 
pe and the nature of the displays was described and shown 


using displays of all of the consonants in the alphabet 
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which were recited to the subject and a display of the five 
vowels which would never appear during the task. The com- 
plete set of instructions is given in Appendix C. Half of 
the subjects then received the selective attention task 
first and the other half received the span of apprehension 
task first. For the selective attention task subjects were 
told that one and only one of the eight letters that appeared 
in each display would be either a T or an F. The subject 
was told that he was to discover which of these two target 
fecters el sOt er, was present in cach display he saw. A 
selective-attention set was further reinforced by the follow- 
ing statement, "We are not interested in how well you can 

see the other irrelevant letters that accompany the T or F. 
Simply focus your attention on whether a T or an F is pre- 
sent in the letter display. Then, tell me your answer." 

The equal random probability of the two target letters and 
the randomness of their location on the screen was emphasized. 
Twortraining trialSeat each Of a 5 Sec, .5 sec, and 50 msec 
exposure duration, in ascending order, were given with visual 
feedback as to the correctness of the subject's responses for 
each trial. Then the ITU condition or self-initiate condi- 
tion the subject had been assigned to was explained and de- 
monstrated. The relationship between the warning tone and 
the flash of the letter display was demonstrated as well as 
the range of possible onset times for the stimulus after the 
tone. For subjects in the self-initiate condition, the but- 


ton press triggering of stimulus onset was practiced and it 
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was emphasized to him that he would be the person who ini- 
tiated the flash of letters. The entire procedure was then 
practiced twice. For the ITU conditions, the experimenter 
Said that he was ready at the beginning of each trial. The 
experimenter triggered the sequence of events after the sub- 
ject indicated that he was ready. For the self-initiate 
condition, the subject triggered the exposure of the stimu- 
lus display and sequence of events whenever he felt ready 
after the experimenter indicated that he was ready. Sixteen 
practice trials were then given, tollowed by a five minute 
break, at the 50 msec exposure duration. Then 64 test 
trials were given at the 50 msec exposure duration. A five 
minute break was given at the end of each block of 16 test 
trials with a ten minute break at the end of the first 32 
Cestechiats wel nomilntortyrlal anterval varied with the indi- 
vidual subject's response rate, but on the average a latency 
of approximately 10 to 15 sec between the end of one trial 
and the beginning of the next was maintained. Subjects were 
INnstLuccedstowiold asfixacion on the dot from the time of 
their ready signal until the display of letters had dis- 
appeared. In order to use substitute cards for trials on 
which blinks occurred, the following instruction was given, 


"If the letter display falls to appear, please let me know." 


For the span of apprehension task, the instructions 
were the same as for the selective attention task with a 


few exceptions as follows. After the general instructions 
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subjects were told that when each letter display appeared 
they were to-try to see and remember as many of the letters 
as they could. They were told that after each display of 
letters had disappeared from the screen, two letters would 
appear below the screen. The post-stimulus lights were 
demonstrated to the atl (uae as he waS instructed, "After each 
display of letters disappears from the screen you are to 
choose which of the two letters that appears below the 
screen is the letter that was present in the letter display 
you saw on the screen. Then, tell me your answer." A 
large demonstration card was then shown to the subject the 
experimenter explaining and showing how one and only one of 
the pair of post-stimulus choices for each trial had been 
present in the letter display the subject had just seen. 

He was told that the more letters he could see and remember 
from the stimulus display the easier it would be for him to 
recognize whicn of the two post-stimulus alternatives had 
been included in the letters on the screen. It was empha- 
sized that there was no way he could tell until the display 
had disappeared what the post-stimulus alternatives would .be 
for each trial. Training with the span of apprehension 
technique as well as the introduction of the ITU condition 
followed the same pattern as described for is aaksnaee 
attention task. The same number of practice and test trials 
as well as breaks were given as is described for the selec- 
tive attention task. The inter-trial interval was the same 


as that described for the selective attention task. 
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In-between the two perceptual tasks a long break Of eat 
least 15 minutes was given. Before the commencement of the 
second task (the span of apprehension or the selective 
attention task) instructions were given to the effect that 
although the second task would be similar to the first task 
in many ways it would be very different IneOtnerewave. ine 
subject was told to forget about the previous task and that 
the experimenter would start over from the very beginning 


just as if the first task had never been given. 


Results 


The measure of the dependent variable was the number 
of correct target-letter recognitions for the selective 
attention task and the number of correct post-stimulus 
choices for the span of apprehension task. The two dependent 
measures were comparable both in terms Cestiesrange:Ote tic 
scores possible and the expected Valuesot tne score £Or 
chance-level performance. Re 4e(3 LTUPconditions and scli— 
Initiate) x 3 (Diagnostic Group) x 2 (Order of the Two Tasks) 
mixed factorial design analysis of variance was performed 
with all factors being between subjects except for the com- 
parison between the two tasks which was within subjects. (see 
Appendix D). Four subjects in each group were randomly as- 
signed to each cell of the factorial arrangement of between- 
Subjec sm sac cous: aa significant main effect was present for 


the diagnostic group factor, F (Qe 2) oe Deal. 
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A significant main effect was also present for the selective 
attention vs. span of apprehension task factor, F (1, 72) = 
244.48, p <.001. None of the other main effects and none 
of the interactions were statistically significant. The data 
was converted to proportions and the transformation G9 = 2 
arcsin~/P was performed as suggested by Winer (1962, p. 221). 
An analysis of variance was performed (see Appendix. E)s Gerhe 
conclusions and significance levels were the same as for 
those of the analysis using raw data with the exception of 

a significant ITU x Order x Task interacgion with the 
transformed data, F (3, 12) = 92.96, p< .05. This inter- 
action was in the direction of a higher performance for the 
selective attention task when it was given first,except for 
the 5 ITU condition where this is reversed. This same inter- 
relationship only slightly obtained for the span Oteappre— 


hension task. 


The results indicate no overall effect of the temporal 
uncertainty of stimulus onset on either selective attention 
or span of apprehension performance as manipulated with the 
ITu. There was no evidence for a differential effect ope, [UE e} 
for the different diagnostic groups on either selective 
attention or span of apprehension. The results show that 
subjects had high performance scores for the selective 
attention task as compared to the span of apprehension task. 
This difference remains constant for each of the three groups 


of subjects. Newman-Keuls tests were Carnruecd out cOr tie 
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main effect of subject group with the same results using 
both the transformed and raw data. All paired comparisons 
were statistically significant at the p <.01 level. For 
both tasks students performed significantly higher than the 
psychiatric controls who in turn performed significantly 
higher than the schizophrenics. Figure 4 shows the contrast 
between performance on the selective attention task as com- 
pared to the span of apprehension task, expressed as the 
Broportion correct out Of 64 test Crvads, 9: Oleticm Zee 
Subject groups. All of the means significantly. exceeded the 
50% chance level of responding (p <.01, one-tailed). The 
means and standard deviations for the attention and span data 


are presented in Appendix F. 
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‘Figure 4. Mean proportion of responses correct aS a 
function of task for the three subject 
groups. 


In order to compare the scores on the firs te anteatcne 
second half of the 64 test trials, t tests for correlated 
means were carried out for each of the two perceptual tasks 
within each of the three subject groups. None OCLs ne scm. 
tests were statistically significant. Thus, there was no 
evidence for either a practice or a fatigue effect across 
the test trials for either of the tasks within any of the 
subject groups. Pearson product-moment correlation co- 
efficients were calculated for each of age and education 


with performance on each of the two tasks within each sub- 
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Jectegroup. These coefficients are’ given in Table’ 8% 
Substitute trials were used when subjects revealed a prob- 
able blink interference by saying that the letter display 
had failed to appear. The mean number of such "blink" 
trials per subject was as follows: schizophrenics, M = .72, 
poe Lh17; sixninikctineixe controls, M = .94, SD = 2.29; 
students, M = .09, SD = 0.30. The fixed random sequence - 

of substitute cards happened by chance to have more "T" than 
Steer CamiSeclOngstiemiuLrSstmroum Cards... Astatresult the 503% 
value of 32 T stimulus cards for the 64 trials was varied. 
The mean numbers of T stimulus cards for the subject groups, 
taking substitution trials into account, were: schizo- 
pnirenics, Mi= 32.477 SD = 0.84; psychiatric) controls,’ M = 


32.28, SD = 0.68; students, M = 32.12, SD = 0.34. 


Table 8 


Correlations Between Age, Education 
Attention and Span Performance for 
Schizophrenics, Psychiatric Controls and Students 


Attention Task 


Schizophrenics 







PSsyChiatLrrc Controls 
Students 


Span Task 


Schizophrenics 








Psyc tote Ce COnt rods 


Students 
a <(,05 twO-Calien. to ~ Ul LwO-LalLed. 









Response bias on the selective attention task was ex- 
amined: ‘The dependent variable was the number of "T" re- 
sponses, Calculated for each subject. The means and stan- 
dard deviations of this measure was calculated for each of 
the subject Groups across the experimental conditions (see 


Table 9). 


Table 9 


Means and Standard Deviations for 
the Number of "T" Responses for Each of 
the Subject Groups 





Sub ject. Group - 


Schizophrenics 


Psychiatric Controls 


Students 


so n = 32 for each group. 


A one-way randomized groups analysis of variance was carried 
out. There was no significant difference between che etoGee 
subject groups on the mean number of T responses, Hy(2793) = 
WA AG Rene Fe ee This result indicates no significant dif- 
ference in response-specific response bias for the three 
groups. All of the means in Table 9 significantly exceed 
the 50% chance. level of response using the normal approx- 
imation to the binominal distribution to test the means for 


each group: p <.05 two-tailed, students; p<.0l two-tailed, 
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schizophrenics and psychiatric controls. However, these 
significant deviations are very small and could not have 
detracted much from the precision of the number of correct 
responses as a measure of selective-attention efficiency. 
The between-subjects variances for each of the three groups 
in the number of T responses provides a measure of response- 
nonspecific response bias within each group. Using both the 
Cochran and Hartley tests the variances were found to be 
significantly heterogeneous, p < .05 for both tests. The 
schizophrenics indicate the highest response-nonspecific 
response bias as a group followed by the DsyecmLa tit cecon= 
trols and students in that order. It was decided not to 
perform the corrections for response bias, suggested by 
signal-detection theory (Green and Swets, 1966), which 
assume that a receiver operating characteristic (ROC) curve 
describes the plot of hit rate (e.g. probability of aT 
response given a T target) against false alarm rate (en di. 
probability of a T response given an F target). ‘The assumed 
ROGECULVe Isla linecaretunction with a 45° slope and sym- 
metrical about the negative diagonal when the hit and false- 
alarm rate axeS are given as 4Z4-score coordinates. There 

is no evidence as to the shape of the ROC curve for the pre- 
sent task. Authors such as Neale et al.(1966) have made 
statements implicitly in support of an ROC based corrected 
for the task utilized here and then they have proceeded to 
treat and transform the data as if the exact opposite, a 


right-wrong correction, were appropriate. The trans- 
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formations of Neale et al. (1969) were discussed in the 
introduction. Secondly, for the levels of response bias 
found here and the performance scores of our subjects an 
ROC based correction would not have changed the raw scores 
(number of correct responses) by more than one point 
(roughly .02 units if the proportion correct is used) for 
all but a few subjects where the change might have been 

as great as two or three points. Considering the variances 
and differences between the means of the subject groups, 
such a laborious and questionable correction procedure 


would not have noticeably affected the results. 


Using the data for only those subjects tested under the 
5 ITU condition, the effect of preparatory interval on 
selective attention and span of apprehension performance 
was determined. Within each subject the preparatory eneer 
vals were grouped into three equal Glass litervals as 
POUT mee o et Omledescec; 1-5 to 2.4 )5ec;°2.5 CO 3.4 Sec; 
BC Ona ese Oo eae Lom o6 0) SCC. se Lhe dependent variable was 
the proportion of correct responses for each subject within 
each preparatory interval class for each of the two percep- 
tual tasks. A 3 (Diagnostic Group) x 2 (Selective Attention 
vs. Span of Apprehension Task) x 5 (Preparatory-Interval 
Class) analysis of variance was carried out with diagnostic 
group being the only between-subjects factor. There were 
eight subjects in each of the diagnostic groups. The same 


main effects for diagnostic groups and the contrast between 
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the two tasks emerged as were found in the analysis des- 
cribed earlier which used all of the data. A statistically 
significant diagnostic group x task x preparatory interval 
interaction was found, F (8, GA)e elie Loe P Ss) 2D j- This 
interaction was not statistically significant when the con- 
servative number of degrees of freedom were used. The inter- 
action was in the direction of each of the two patient groups 
(schizophrenics and psychiatric controls) showing a uniform 
performance level on the selective attention hackrexcept EOL 
a drop in the mean score at the Beomton4e 4) SeCeDEepaLacony. 
interval range with the students showing the reversal, i.e. 
an increase in the mean score at the 3.5 to 4.4 sec range. 
On the span of apprehension task the two patient groups 
showed an increase in the mean score at the ioe LO 4 Aecec 
range while the students had an isolated peak at the 1.5 

to 2.4 sec range. These curious results are not caused by 
the equipment, such as the timers, malfunctions etc. The 
experimenter remained quiet sanded elaxcdsauringe tice ple 
paratory intervals. These peaks and valleys may reflect 
some kind of oscillation of vigilance with either drops or 
compensatory increases after the subject has waited for four 


seconds for the stimulus to onset. 


Using the data for subjects tested under the 5 ITU 
condition the effect of the difference between the pre- 
ceding preparatory interval minus the preparatory interval, 


for each trial, on selective attention and span of appre- 
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hension performance was examined. Within each subject these 
differences were calculated and then grouped into three 
SlacsminteryvalseasehOlLOWS - memo 0mSeCEUOy- i leuesec; — 1.6 
SeCELOMt tL SOnSeC tel WmeSeCuto +25 08sec. gfAbpositiverdif— 
ference indicates that the preceding preparatory interval 
was larger than the present preparatory interval for a given 
trial and a negative difference indicates the reverse. A 

3 (Diagnostic Group) x 2 (Selective Attention vs. Span of 
Apprehension Task) x 3 )Preparatory-Interval-Difference 


Class) analysis of variance was carried out. The diagnostic 


group factor was the only between-subjects factor, with eight 


subjects in each group. The dependent variable was the pro- 
portion of correct responses within each class interval Or: 
each subject for each of the two perceptual tasks. For the 
main effect of the difference between the preceding pre- 
paratory interval minus the present preparatory interval, as 
Welimaceoalimot  theminteractlons: wit tthis wacton, there were 
no statistically significant differences, the F ratios were 


all less than unity. 


For the schizophrenic patients, Pearson product moment 
correlations were calculated between scores on the Ullmann- 
Giovannoni (U-G) premorbid adjustment scale anamattention 
and span scores. The correlation between premorbid adjust- 
ment and attention scores was near zero (r = + .02). The 
correlation between premorbid adjustment and span was + .3l 


(p <,05, one-tailed test). This correlation indicated 
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that better premorbid adjustment was associated with a 


higher span of apprehension. 


Summary of Results for the Perceptual Experiment 


The main finding was that all three of the subject 
groups (schizophrenics, psychiatric controls and students) 
show the same increase in performance on the selective 
attention task when compared to the span of apprehension 
task. Schizophrenics evidence the same drop in performance 
on both perceptual tasks when compared to the psychiatric 
controls who in turn had lower scores on both tasks than 
did the students. These results argue against the presence 
of an attention-specific deficit in schizophrenia. Since 
the two patient groups significantly differed on mean age, 
the lower performance by the schizophrenics on the percep- 
tual tasks as compared to the psychiatric controls may be 
attributable to the significantly higher age of the schizo- 
phrenic group. Although not statistically significant, 
there was a negative correlation between age and attention 
scores within both patient groups. There was a negative 
correlation between age and span scores within the psychia- 
tric control group, but a near zero correlation within the 
schizophrenic group. The small size of these correlations 
suggests that the confounding of mean age with patient 
group is not likely to account for the differences between 
the two patient groups on perceptual performance. ot 


might be thought that these correlations are Atti teil y 
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lowered due to restrictions on the range of age and percep- 
tual scores within the groups. However, the range of the 
ages for the schizophrenic group includes within it the 
entire range of age for the other two groups with the 
exception of two students who were one year younger than 
the youngest schizophrenic. Of course, restrictions with- 
in groups on the range of the perceptual task scores would 
also lower the estimate of the correlation between age and 
perceptual performance. However, it was decided not to 
pool the groups in order to perform correlations since 
potentially real intergroup differences on perceptual per- 
formance would give an inflated estimate of the correlations 
between age and attention and span, due to the confounding 
of age with the subject-groups factor. The absence of an 
effect of the temporal predictability of stimulus onset 
(ITU) for any of the three subject groups offers no evi- 
dence that perceptual set synchronization is a critical 
factor in the selective perception of visual displays as 
suggested by pilot experiment 1. The present experiment 
yielded no evidence in support of a perceptual synchron- 
ization deficit explanation for the lower performance by 
schizophrenics on selective attention or span of appre- 
hension visual tasks. However, the issue is left unsettled 
since a more effective manipulation of the ITU conditions, 
using higher values of temporal uncertainty, might have 
revealed the ITU effect for the control group as compared 


to the schizophrenic patients. The absence of any effect of 
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the difference between the preceding preparatory interval 
minus the present preparatory interval for any of the three 
diagnostic groups points to the absence of minor set 


interference for any of the groups. 


TAP-CLICK TIMING EXPERIMENT 


Subjects 

The same subjects tested in the perceptual experiment 
were employed in the present tap-click timing experiment. 
The present experiment was given first and took about 10 


min per subject. 


Design 

Subjects were required to tap a key in time with three 
GeqiilaGesem es Olecl lcksie e@licks! wereiipresented int three 
trial blocks in ascending order at the three respective 
Wiieearc miclhwintervalseotml, 2 and 30sec. Thus one of tie 
independent variables was the interclick interval, a within- 
subjects manipulation. The second within-subjects variable 
was the test trial on which the subject responded within 
each interclick interval trial block. The between-subjects 
variable was diagnostic group, i.e. schizophrenics, psychia- 
tric controls, and students with 32 subjects in each group. 


The two dependent variable measures employed were the extent 
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and discrepancy of the subjects tap onset relative to the 
click onset and a measure of the intertrial variability 


within each subject for the first measure. 


Apparatus 

Clicks were generated by a Guardian Series 200 relay 
encased in a metal sound box near the key the subject 
tapped. The timing of the series cof clicks was controlled 
by a Hunter Model 1245 Interval timer. Settings on the 
timer were calibrated such that the timer generated the 
exact interclick intervals reported in this study. Each 
click had a duration of 60 msec and a sound level of 68 db. 
as measured from the position of the subject. The subject 
tapped a finger-size key which was fixed to the table 43 cm 
from the table edge. The key was actually a relay with a 
key lever attached to it. The black plastic section of the 
key which the subject tapped was egg-shaped with dimen- 
sions of 19 ma wide by 39 mm long. Taps and clicks were 
automatically recorded on a Brush Recorder Mark II ata 


paper speed of 25 mm/sec. 


PrOCeEqUIEe 

This task was patterned after that of King (1962 2. 
All subjects were given a standard set of instructions (see 
Appendix C). The subject was told that this was a study 
of perception and that each task would be fully described 
COMI meAsSeLlesmOoL clicks @ateas.o) SeOeinlerclick Inter— 


val was demonstrated to the subject. He was told that 


Hes 


Onl 


eliotthes zov atric oe ee Geena ato 


ie ruse oo J5srdia srg. Gs ata mig next ‘Snuesen 



















oe" _ | Pe i) 
voi lL Jas .xev Celso thee ot be waged a , : 


a aciin 
: ome 


aia 


(leu OOS asite® ine eae pase ane: Syse | Hs io 


rm 


t2eCdue-, oi? yod ene Sea ae Beoe favo ‘ent 


oid bedeienay 2530 Gi ee aie bederihtus: aia - 
, ie 

4g oy ies heahdbonbicnd ae) aot 

IVS ; ‘ > “aif CSA cus to wots 2 ‘ish : 

, | Rak "tes 


tt Je% S45. 04% iskit eae ate ee ccineseprtt act 


j ; * Wy j a) i pO ee an Tay -Sube sided tas aa 
iol hates oisce ett sy oaalied bertand 1 9 


j 7 
ie 23 5:2% od Res BOW a fowpdape wha “aatine (on 
« _ 
59" ; pa haw? Jal Lee M LER a ube €t “ul avis ven es: ii 


SivLooga ai 9 Bs. Se ait Fe. 





140 


during the task he would hear a series of regular clicks 
and that his task was to tap the key so that his taps coin- 
cided as closely as possible with the Cl chs aaeune expen 
imenter demonstrated with a .5 sec interclick interval. 

The subject was told to listen to the beat as long as he 
wished and then once he had the feel of the tempo to begin 
to tap in time with the clicks until he was asked to stop. . 
He was told to try to synchronize Hiswtapsmawith tthe felgicks. 
The subject then practiced Papo iniGea tates eC invescLick 
intervals. Then three series of 16 clicks each were given 
to the subject in ascending order. Each series was ata 
fixed interclick interval value. The three series given 
were l sec, 2 sec, and 3 sec interclick intervals in that 
Orders titet ner beginning 7Of teach series the subject was 
told that in this new series the clicks would beat ata 
somewhat slower tempo. he was told that he was doing fine 


at the beginning of each of the series of clicks. 


Results 


The dependent measure was the positively and nega- 
tively signed error score which was measured by calculating 
the difference between the onset time of the click and the 
onset time of the subject s tap for each of the test trials. 
Differences were measured to the nearest hundredth of a 
second for each trial. Within each interclick interval 


condition the first three trials (taps and clicks) were 
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considered to be practice trials and were not scored. The 
next ten trials were scored as the test trials. An addi- 
tional three trials were given after the ten test trials 
in order to hold the number of trials constant for each 
subject while allowing for the few mistrials which sometimes 
occurred in which either the subject failed to respond or 
the pen skipped. Thus, for each of the three successive 
and ascending interclick interval trial blocks the devi- 
ation scores for the ten test trials were tabulated. 
Deviations were scored in a negative direction when the 
subject's tap preceded the click and in a positive direc- 
CLOneWwhecne lt eLowlowedstnesclick.a)A 3e(SubjectsGroup), x, 3 
Cintecclickatntervaljex LOa(Trials) ‘analysis of variance 
wWasmeGaroled OULMLOretnesdeviatlon.scores, foreach, trial 
(see Appendix G). All factors were varied within subjects 
except for the subject-group factor. There were 32 sub- 
jects in each of the subject groups. The analysis revealed 
Besta eloticallvesigqnitl canhemlainycrrecCe,lorn subj jecteqroup, 
Haze 93) = 10.40, p < .001. There was a statistically 
significant subject group -x,interclick interval .inter- 
SCLLON, @ (2 pus) eae Oi Dem OS conservative test. The 
trials main effect was not statistically significant using 
the conservative test (Geisser and Greenhouse, 1958), 

FE, ON, RRO ES nee 1 ee oro conservative test. However, 
this effect was statistically significant using the full 
number of degrees of freedom, F (9, 837) = 2.52, p pe OL OR RES 


The interclick interval x trials interaction was not 
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statistically significant using the conservative test, 

i (dbo ey) a lieilyn 9o = .25 conservative test. However, 

this effect was statistically significant using the full 
number of degrees of freedom, F (18, 1674) = 1.66, p <.05. 
None of the remaining main effects or interactions were 
Statictically signiticant fOr elthner the conservative or 
nonconservative tests. The marginal trials main effect 
indicates a tendency for the deviation scores to oscillate 
phasically and slightly increase going from earlier to 
later trials. The marginal trials x interclick interval 
interaction indicates that this tendency is more marked the 
Monger the interclick interval with only a phasic component 
and no overall increase under the 2 sec interclick interval 
condition. Newman-Keuls tests were carried out for the 
differences between the three subject groups at each Ope 

the interclick interval conditions. None of the differences 
between the groups were statistically Smlepebkievierehine mere” Telnte 

1 sec interclick interval condition. For both the 2 sec and 
3 sec interclick interval conditions the schizophrenics 

had significantly more positive deviation scores than did 
either the psychiatric controls or the students (p<. 01)%. 
The psychiatric controls did not significantly differ from 
the students for either the 2 sec or 3 sec in cerc lvek 
interval conditions. For the above Newman-Keuls tests the 
subject group main effect and interclick interval by 


subjects within groups error terms were pooled and the 
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conservative number of degrees of freedom, df = 93, was 
used for the tests. Newman-Keuls tests were also carried 
Sutetor Ehenettectsor unterclick amtervali for each of the 
three subject groups using the interclick interval by 
subjects within groups error term. Statistically sig- 
nificant differences between interclick interval condi- 
tions emerged only for the schizophrenic group. Scores 
were Significantly more positive (p < .01) for the 3 sec 
interclick interval condition as compared to the 2 sec 
and Ll sec conditions within the schizophrenic group only. 
These findings are plotted in Figure 5. The means and 
standard deviations for the tap-click signed error devia- 


tion scores are given in Appendix H. 
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Figure >. Mean signed error score as a Dunc cLOne Ocean Gel = 
click interval for the three subject groups. 


143 


ies | : 


«> Sf na RG sieRSt to aa | 

on 23 ns ae veasg AUS +f a a 
P. 

14 fe ale 3 > hea ee 
qe fey «152 Sie omgaR ae cater aqua w: 
fliuolgesleee . sey ease aqoey nbd 

ibros lavisrul Soi loteeee eetnd aopnsvetaith | 
o>. Qaonp one Teena eile 16% gino Aévieme. smoky 

Ad toy (10. > aioe apne ge yest. | oie 

sag t sdc.od) berenene ae ngepih es ievrsdai in 
% i nSShGeie Ae Be ree a Oe 938 4 ba 

or és ¢ c Open Sse soceadea oon act bn’ het 

yb --69129 Sdagie Ol tegoe Git See eruetetveu Papbngde: ~ 

‘i hiacteaey,. eel ee as 















+ 7 
wie Fare 


The overall result of the analysis reported thus far is 
that schizophrenics show a response pattern in the direc- 
tion of tapping after each click whereas the two non- 
schizophrenic groups show a response pattern in the direc- 


tion of tapping slightly before each click. This effect 


is most marked when the interclick interval is long, 3 sec, 


and is not statistically significant when the interclick 
interval is very short, 1 sec. The schizophrenics showed 
a consistently more positive mean signed deviation error 
score aS compared to the two nonschizophrenic groups for 
exchmorstnesten testutrials within the 2. Sec and 3 sec 
interclick interval conditions. Furthermore, the positive 
error score for the schizophrenic group is far larger than 
the negative error scores, for the two nonschizophrenic 
groups at the 3 sec interclick interval condition and the 
small negative and positive error scores for the student 
and psychiatric control group, respectively, at the 2 sec 


interclick interval condition. 


Variable error scores were measured by computing the 
standard deviation over the ten test trials within each 
subject for each of the three interclick interval condi- 
tions. Using these standard deviations as the dependent 
measure a 3 (Subject Group) x 3 (Interclick Interval) 
analysis of variance was carried out (see Appendix I). 
The subject group factor was between subjects and the 


interclick interval factor was within subjects. This 
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analysis yielded a statistically significant main effect 
due to the interclick interval, F (1, 93) = 95.16, p < .001 
conservative test. The subject group main effect was not 
statistically significant. The subject group x interclick 
interval interaction was not statistically Signshicant 
using either the conservative or nonconservative tests. 
Newman-Keuls tests were performed for the ineerccilick anter= 
val main effect using the interclick interval x subjects 
within groups error term and the conservative number of 
degrees of freedom, df = 93. All of the differences for 
the three means were statistically significant (p <.01). 
These means are plotted in Figure 6. The data pnaicare 

a significant increase in the Variable error score fOr 

each increase in the length of the interclick interval. 

The means and standard deviations for the tap-click 


variable error scores are presented in Appendix J. 
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Figure 6. Mean variable error score as a function 
ef interclick interval for the three 
subject groups. 


It is clear from all of the findings described that 
there is a constant response error in the direction of 
schizophrenics following the click with the tap response 
ae the nonschizophrenic groups slightly preceding each 
click with an anticipatory tapping response. However, 
there is no difference between the three groups with 
regard to the between-trial Variability sot response devia- 


tion scores within each of the interclick interval condi- 


EONS 4 


Pearson product moment correlations were calculated 
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for the correlations of age and education with error 
scores on the tap-click timing task for each interclick 
interval condition within each of the three subject 
groups. The error scores used were variable error, mean 
Signed error deviation scores (constant error), and the 
absolute value of the constant error scores. These 
correlations are presented in Appendix K. None of the 
correlations were statistically significant. They were 


low and near zero on the average. 


SulmalbyeOL ResultSelOretnes ap=Click Timing experiment. 





The main finding was that schizophrenics evidence 


a strong response bias in the direction of following regular 


clicks with a response whereas the psychiatric controls 
respond in an anticipatory way by tapping slightly before 
each click. This anticipatory responding on the part of 
the nonschizophrenic subjects allows them to respond 
Groser inetime wlten the clicks, 1.e€. the anticipatory 
error of the nonschizophrenic subjects is far smaller than 
is the post-click response error of the schizophrenic 
subjects. These differences are more marked with larger 
interclick intervals. By contrast the three groups do 
not differ on variable error scores, 1.é. all three 
groups show the same level of temporal variability around 
their respective constant error biases. However, var— 
iable error dramatically increases with larger interclick 


intervals for all three groups. These findings give 
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evidence for a deficit in the maintenance of sensory-motor 
set in schizophrenics as compared to controls. Schizo- 
phrenics do not show the optimal anticipatory pattern of 


responding found in psychiatric controls and students. 


Intercorrelations Between the Perceptual Tasks and the 
Tap-Click Timing Error Scores 


Pearson product moment correlation coefficients oe 
calculated for the correlations of selective attention and 
span of apprehension scores with the three error scores 
for the tap-click timing task for each interclick interval 
condition within each subject group (see Appendix L). 

The only significant correlations were negative correla- 
tions between the magnitude of variable error scores, at l 
sec interclick intervals, and span of apprehension per- 
formance scores for the schizophrenic group (r (30) = - .43, 
p Ai one-tailed) and for the psychiatric controls 

(x (30) = - .30, p <.05 one-tailed). Students evidenced 
a significant negative correlation between the magni- 

tude of variable error scores, at 2 sec interclick inter- 
vals, and selective attention scores, r (30) = - .30, 

p <.05 one-tailed. The negative correlations reported 
indicate some tendency for the subjects who received lower 
variable error on the tap-click task to evidence higher 
performance on the perceptual tasks and contrariwise. 


For the students there was a low but statistically sig- 


nificant negative correlation between constant error 
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scores and performance on the selective attention task, 
Te 0) e277 DE U- The reversal of the sign of this 
correlation when the absolute value of the; constant. error 
score was used instead, indicates that students who tapped 
in a more extremely anticipatory way (prestimulus re- 
sponding) tended to have higher performance scores on 

the selective attention task. In general the results Oye 
these intercorrelations show virtually no relationship 
between sensory-motor timing performance and perceptual 
performance on selective attention and span of appre- 
hension tasks. On those interclick interval conditions 

(2 sec and 3 sec) which showed the greatest differences 
between the schizophrenics and psychiatric controls, in 
terms of means, very low insignificant correlations were 
found between perceptual performance score variables and 
constant tap-click error scores. This is understandable 
in view of the relatively low intersubject variability on 
constant and variable error scores within each subject 
group when contrasted with the large differences nigel jeezy 
constant error score means between the schizophrenics 


as compared to the nonschizophrenic groups. 
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DISCUSSION 


The results of the perceptual experiment of the 
main study do not support the hypothesis of an attention 
Specaricedet torte inmschszopirenic patrents for petecr ver 
visual recognition with distraction. Schizophrenics 
showed the same amount of decrement in the efficiency of 
performance (as measured by the proportion of correct 
responses), when compared to psychiatric controls and 
students, on the span of apprehension task, using the 
same type of stimulus materials, as they did on the 
selective attention task. For both perceptual tasks, the 
psychiatric controls evidenced a level of perceptual 
efficiency midway between the student subjects and the 
schizophrenic patients. Of course the student group 
constitutes a very atypical unrepresentative sample of 
nonpsychiatric subjects and differs from the psychiatric 
control group on many dimensions. US Feel CacCaingG Le pemas— 
serted that the psychiatric control subjects have a lower 
than average level of perceptual efficiency. All three 
groups showed the same increase in performance on the 
selective attention task when compared to the span of 
apprehension task. This finding is in keeping with the 


theoretical formulations of this paper regarding the 
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selective attentional nature of the target-letter recog- 
nition task. The results of the perceptual experiment 
indicated no effect on selective attention or span of 
apprehension of the manipulation of the temporal pre- 
dictability of the stimulus display onset as measured 

by the interval of temporal uncertainty for any of the 
three subject groups (schizophrenics, psychiatric con- 
trolssand students) == This result*is not consistent with 
the somewhat marginal evidence for an empirical rela- 
tionship between ITU and performance on the selective 
attention task which was found on student subjects in 
pilot experiment 1. The lack of evidence for any effect 
of stimulus display predictability, for all three groups, 
makes it impossible to draw any conclusions about the 
nature or presence of a schizophrenic-specific deficit 
in the synchronization of selective perceptual sets with 
the time of occurance of information. However, the ab- 
sence of an attention-specific deficit for the schizo- 
phrenic group in terms of performance scores suggests 
that the lower performance of schizophrenics on the 
selective attention task is not due to a primary im- 
Palrmentectythehabvlityvetcoutormysemaancain or interface 
selective encoding operations as compared to non-selec- 
tive encoding operations. The absence of a differential 
effect of the self-initiate condition for both the selec- 
tive attention task and the span of avprehension task 


provides no evidence for the hypothesis of Shakow (1962) 
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that schizophrenics perform worse when given control over 
a task whereas controls perform better. Analyses of the 
effects of the length of preparatory interval as well as 
preceding preparatory interval minus preparatory interval 
differences yielded no theoretically relevant results in 
terms of the emphasis of the paper. In general, all 

Ber iis ons and analyses having to do with the temporal. 
parameters of stimulus display onset led to the conclu- 
sion that these temporal parameters had no effect on 
perceptual performance for any group in the main study. 
The manipulation of the temporal predictability of the 
stimulus array might have been more effective if a longer 
preparatory interval midpoint as well as longer intervals 
of temporal uncertainty had been employed. Selective 
perceptual sets may be voluntarily and continuously 
maintained by subjects for a sufficient length of time 
such that very wide ranges of temporal uncertainty are 
necessary in order to "“desynchronize" their coincidence 
with the stimulus events. The present findings do not 
support the theories of Shakow (1962, 1963), McGhie (1966) 
and Cromwell and Dokecki (1968) in terms of a specific 
impairment in the ability to selectively process visual 
iu tail schizophrenia. The small load on active verbal 
memory placed by the selective attention task and the 
fact that the performance decrement on this task was 
equal to the performance decrement on the span of appre- 


hension task when schizophrenics are compared to controls, 
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suggests that the nonspecific perceptual deficit found in 
the main study was not due to a possibly defective active 
verbal memory in schizophrenia. If schizophrenics had 

a lower capacity for storage into or retrieved from active 
verbal memory than did controls, then the greater memory 
load placed by the span task should have produced more 

of a drop in span scores relative to selective attention > 
scores for the schizophrenic group as compared to the 


controls. 


The results of the perceptual experiment support the 
conclusions of Davidson and Neale (1974) that although 
the target-letter detection task (selective attention 
task) employed here does involve the selective processing 
of input, differences between the scores on this task 
for schizophrenic patients as compared to CONLLOLS 
are not a function of the selective attentional aspect 
of the task. In agreement with the hypotheses of Davidson 
and Neale (1974) and a recent study by Saccuzzo, ren ey 
and Spencer (1974) the present findings are consistent 
with the hypothesis of an information processing deficit 
in schizophrenia either at an early preattentive level 
of perceptual organization, in terms Of sineiiacient pre- 
attentive processing of information or an alteration of 
iconic memory parameters; Or a general slowness in the 
selective as well as nonselective extraction Sire litonnu= 


ation from the icon. The notion of a slower processing 
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of information from sensory memory in schizophrenia was 
put forwards by Yates (1966) and still remains as a simple 
and plausible explanation of impaired perceptual function- 
ing in schizophrenia. Saccuzzo, Hirt, and Spencer (1974) 
compared chronic schizophrenic patients to psychiatric 
controls and students in an experiment which utilized a 
backward masking procedure with a high energy pattern 
mask to measure the rate of delay of information in 
iconic memory. ‘The task employed was a Variant, OLetic 
target-letter recognition task (selective attention task) 
used in the main study of this paper. For pOtietne, Le— 
cognition of target letters with and without distractor 
letters, the results showed that the control groups had 
processed all of the information at a post-stimulus 
offset delay of 200 msec. Both paranoid and nonparanoid 
schizophrenics were still processing information from the 
icon at the longest delay measured, 300 msec. These 
results indicated that the icon in schizophrenia lasts 
longer than the length of iconic memory which is util- 
ized by controls. Clearly these results are CONPEaLyY. 

to the hypothesis of a shorter iconic memory in schizo- 
phrenia. Possibilities considered by the authors on the 
basis of their study for schizophrenic subjects included: 
a degraded quality of iconic storage, a slower processing 
of information from the icon, or an abnormally long icon 


which actually consists of the emergence of a second 
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duplicate icon which masks information in the first icon. 
Despite all of the possibilities discussed above it is 
also conceivable that the results of the present study 
are indicative of a general performance derrcre in schi- 


zophrenia. 


The results of the tap-click timing experiment gave 
clear evidence for an impairment Sue ee elope “ster sei 
chronize motor responses with temporally predictable and 
regular sequences of stimuli in schizophrenic patients. 
The difference was in the direction of schizophrenics 
having relatively large and positive constant error 
scores and both control groups having in general rela- 
tively small and negative constant error scores. Senn 
zophrenics responded in the direction of tapping after 
each click by a relatively long latency whereas the 
controls responded in the direction of tapping slightly 
before each click thereby approaching synchronization of 
responses with stimuli. The schizophrenics showed a 
larger post-stimulus constant error for successively 
longer interclick intervals whereas the controls showed 
no significant change in their generally pre-stimulus 
constant error for successively longer intexciick intexr= 
vals. ‘These results point to the relatively successful 
attempt on the jeteeeie, (ke psychiatric controls and students 
to anticipate or project the time of occurrence of the 


sensory events and to respond in accordance with these 
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temporal projections and thereby synchronize the sensory 
and motor events. On the other hand, the schizophren- 
ics are less successful in this attempt Lie ci saMade 

at all. The post-stimulus constant error of the schizo- 
phrenic group could result from less of an ability to 
succeed in the attempt to synchronize responses with 
stimuli. Another possibility is that the schizo- 
phrenics did not attempt the synchronization and instead 
treated the task as a reaction-time task. The size of 
the mean constant error scores (less than 150 msec) 

for schizophrenics in the present study was far below 
the simple auditory Rts of schizophrenics for regular 
preparatory intervals of three seconds (mean RT was over 
300 msec), and below the mean Rt for normal controls at 
regular preparatory intervals of three seconds (mean RT 
WaseapprOximately 175 msec) as reported by Huston, 
Shakow, and Riggs (1937). This comparison would argue 
against the hypothesis that, in the present study, 
schizophrenics did not attempt a sensory-motor syn~ 
chronization set. Less than one third of the schizo- 
phrenics showed uniformly post-stimulus responses for 
all trials under the two second interclick interval 
condition and less than half under the three second 
condition. These are the two conditions on which 


schizophrenics significantly differ from controls. 
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The finding that all three groups show the same 


increase in variability of responses araund their con- 


stant error means with longer interclick intervals and 


the finding that the three groups do not differ on var- 


iable error at any of the interclick interval condition 


points to the absence of a difference between schi- 
zophrenics and controls in the regularity of response 
behavior. The three groups have responses which are 
equally time-locked to the stimulus. The group dif- 
Terencespiicminstiesextenteto which this nelatively. 
time-locked behavior is in synchrony with the stimuli 
well as the directionality of the extent of lack of 
synchrony. The statistical analysis revealed no ei 
ferences between the groups in the change of constant 
error across stimulus trials within each interclick 
interval condition. There was only a marginally more 
positive constant error shift with successive Grlals 
which was equal for all three groups. Thus, there is 
evidence for schizophrenics to show an effect of a 
successively longer post-stimulus latency of response 
when compared to controls. There was little evidence 


for such an effect in any of the subject groups. 


as 
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There are a number of possible explanations for the 


inability of schizophrenics to successfully synchron- 


ize motor responses with regular series of stimulus 
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events. King (1962), whose study the present experiment 
was patterned after, speculated that the synchroniza- 
tion impairment is due to the general slowness of psy- 
chomotor responsiveness in schizophrenic patients (see 
also the reaction time studies reviewed in Chapter I). 

A slower response rate would lead to progressively more 
positive (post-stimulus) and larger constant error scores 
moving from early to late trials on the type of task 
used here. Extremely slow response rates would require 

a reset of response location in time after a given number 
Gemtirials@an, Onrdecmeor Sthienmsub ject) to elicitione response 
per stimulus. The results of this study show that the 
Miarginalitrial “effect found,. wasvequal for all three 
groups. Hence, the hypothesis that a synchronization 
impairment in schizophrenia is due to psychomotor re- 
tardation is not supported by the present study. 

King (1962) failed to perform the trial analysis that 
would have allowed him to test his retardation hypo- 
thesis. Another possibility is that a competatory re- 
sponse inhibition builds up as the schizophrenic pro- 
gressively intensifies over the interstimulus interval 
his voluntary response elicitation readiness. This 
response inhibition could interfere with thd voluntary 
performance of the response at a correctly anticipated 
time of stimulus occurrence. If the inhibition dis- 


sipated after each response was performed, a slower 
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rate of responding would not result. A response 
inhibition explanation of the sensory-motor synchron- 
ization impairment in schizophrenia for reaction time 
tasks at regular preparatory intervals was proposed by 
Steffy and Galbraith (1974). They have suggested that 
protective inhibition may be greater when schizophrenics 
can predict the time of stimulus onset than when they 
cannot. Protective inhibition could lead not only to 

an inhibition of central responsiveness to a stimulus, 
but also to the inhibition of anticipatory readiness 

for an overt response since response readiness may itself 
be excitatory. A sensory-motor synchronization impair- 
ment might also be due to an inability to maintain a 
major set (in this case an accurate temporal sensory- 
motor set) in schizophrenia as proposed by Shakow GLIIG2; 
1963). Shakow hypothesized that the steeper increase 

in reaction time, as regular preparatory intervals got 
longer, for schizophrenics as compared to controls was 
due to the greater intrusion of irrelevant munor Sets 
for schizophrenics over the duration of the ronger” pre— 
paratory intervals. In the present tap-click timing 
experiment, a greater post-stimulus constant error score 
with longer intertrial intervals was found Ron schizo 
phrenics but not for the controls. Minor-set intrusion 
for schizophrenics might be more pronounced for the 


longer intertrial intervals resulting in a poorer main- 
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tenance of the major synchronization set at these 
longer intertrial intervals and hence a longer post-— 
stimulus constant error score for longer intertrial 


intervals. 


Examination of the correlations between scores on 
the tap-click timing task with selective attention and 
span of apprehension scores showed, in general, no pre- 
dictive relationship between sensory-motor taming .be— 
havior and perceptual performance. There was no evidence 
for the notion that a dimension of the abllity tO 
maintain a major set underlies individual differences in 
both the selective recognition of visual targets and the 
synchronization of motor responses to predicable regular 
series of auditory stimuli. The significant negative 
correlation between span of apprehension performance 
and variable error scores for one second interclick 
intervals on the tap-click timing task, for both schi— 
zophrenic and nonschizophrenic psychiatric patients, 
may reflect a perceptual motor retardation factor which 


influences these two measures. 


The results of the main study have not contributed 
as much to a better understanding of perceptual Lune = 
ficninugeln schizophrenia as the author would have liked. 
The finding of the absence of an attention-specific 


aqenrci. LOL schizophrenic patients in the area of visual 





pe 
Atti 


‘tot Gel 





i , Q = —_ , 
nt Liavigmlapes® som 










, 

A eas! 
| ae 
he © 

la 7) fo ake a 
JAGN ORO ss 
Pe a] 
i » 
ae 
. * 4 
, 
in 
a lad a 
’ 
rr es 
: MAS Y 
fe F 
ie | 
i 
ti 
fiw 
z Se ‘J 
( oy * 
* » > 
Ue ee eae 
a 
Let ah i< 2 


a 7% I v 7 
viude Adee wae Bored 
7 -_ 


3 oe Sr tbanee woe 
: a a 


Torwop as 4 c 





e: of? 





, 
a 











= 


o& 


161 


recognition is in keeping with recent research findings 
by authors such as Saccuzzo, Hirt, and Spencer (1974) 
and Davidson and Neale (1974). These recent findings, 
in agreement with the present study, point to the primacy 
in schizophrenia of a perceptual-cognitive impairment 
which underlies deficits in both selective and non- 
selective visual information processing. Thestutune 
investigation of pre-attentive processes and storage, 
as well as factors influencing the rate or efficiency 
of the visual encoding process, will hopefully lead to 
a more complete scientific understanding of the altera- 
tion of perceptual and cognitive functioning and 
experience in schizophrenic and nonschizophrenic psy- 
chiatric patients, especially when experimental per- 
ceptual research and theorizing is integrated with 
neurophysiological research on central nervous system 
correlates of psychological functioning in psychiatric 


patients. 
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FOR SCHIZOPHRENIC PATIENTS 
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DESCRIPTION 


This check list is designed for use with patients you have 
already diagnosed as schizophrenic or where you are in the 
process of considering a diagnosis of schizophrenia. 


Toes nopeds thatetne information tabulated from these 
check lists will help to provide a summary elMinical. de 
scription of those patients diagnosed as schizophrenic who 
are included in the present study on selective perception 
Mm schizophrenta.ss.tems, on the check list follow the 
schemes of K. Schneider and E. Bleuler as euttined. 


It is not the purpose of this check list to direct or 
structure your clinical judgement. It is not the purpose 
of this check list to arrive at a numerical scale for 
schizophrenia. 


Your time and cooperation are much appreciated. 


Sincerely, 


Lawrence F. Spreng 
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All Information Requested Below Will Be Kept Completely 
Confidential 


Patient's name 
Diagnostician 
Date patient was interviewed 


Date check list completed 


185 Type of schizophrenia (please check one): 
simple Paranoid 
hebephrenic Undifferentiated 
catatonic 

roy kes This patient manifests (please check one): 


process schizophrenia 
reactive schizophrenia 


cannot decide in this case 


Tillie I would judge this patient to be (please check one): 
mildly disintegrated 
moderately disintegrated 


severely disintegrated 
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PART ONE 


K. SCHNEIDER'S SYMPTOMS OF THE FIRST RANK 


Hears, his own thoughts spoken aloud (echo de la 


pensee) (Gedankenlautwerdan), 


Hears hallucinatory voices in the form of 
statement and reply so that he hears voices 
speaking about him in the third person. 


Hears hallucinatory voices in the form Cuma 
running commentary. 


Has bodily hallucinatory experienced as bodily 
sensations which he knows are being produced by 
external agencies. 


Experiences thought withdrawal, thought inser- 
tion and other influences on thought. 


Experiences thought broadcasting. 


Experiences delusional perception (perceptual 
apophany). 


Has experiences of influence (passivity) in the 
spheres of feeling, drives, or volition. 
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PART TWO 


E. BLEULER'S FUNDAMENTAL SYMPTOMS AND SIGNS 


Please check the major headings you believe apply to this 


patient, 


Please follow acditional instructions under tEhesheadings 


you check; 


Bleuler's Simple Functions - 


a 


Disordersor Association — Formal Thought,Disorder 


Please give a brief description of those formal 
characteristics of thought (as expressed in the 
Patient sespeech) which led you to check this 


Categoryaeeno amtnought not directed”, “exces- 
sive  Dlockingw=eidearth of ideas", “symbolism”, 
ineolLOgusis weEclang associations, , Knight mov— 
ese. 


(A list of descriptions commonly associated with = 
formal—thought disorder is provided for you at 
the end of the inventory. 


ats 








SuaEe OVA. eee 


. i) ; : i : ; 
f gages cAtal4. ten! Tle Shines 6) pea ete t = a 
sitt rb BSkew »| ) (pods foe Gatto see. ~- Ses 


elas ; inte af coins efi qht sng: 5 Ja 
3o5n6’ <7 Hdseesi 363 efeereee pus a teaae o as 
geiiouiie es thh To | eee “ee ce eee ee 
Yor.3dcd “of cere teneen tells” Sa eeeoee a 
. el \ an 


PARC eT WO =(Con VE. ) 


Bee DLSOLCCERO Ce Cee tL 
Please check those that apply: 
flattened affect 


indifference 


impervious to pain 
and discomfort 


oversensitivity but 
tack LOcacepth 


lack of affective 
adaptability 


C. Ambivalence 


Please check those that apply: 


affective ambivalence 


incongruent af- 
fect 

basic mood un- 
related to and 
unaffected by 
external events 


affect lags be- 
hind ideas 


Caples tera— 
tion of expres- 
sion 


ambivalence of will (ambitendency) 


intellectual ambivalence 


Bleuler's Compound Functions - 
D. Autism 


ESD LSOLUCINO eA toh tLon 


Please check those that apply: 


active attention lacking 


(counterthinking) 


selectivity of attention reduced or absent 


Splitting of attention 


blocking of attention 


be bff 
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PARTACWOR (Gon 't.)) 


Disorder of Will - Weakness or Loss of Volition, 
HackBotmtcnacs tycand Unity sotVVolition: 


Meso einemor Disintegration OL sthe Self or Ego. 


Presence of Schizophrenic Dementia - 
HeresBleulerm reters not to the patient necessar-— 
ily being generally demented. He refers also 


to dementia with regard to certain periods, 
certain constellations, and certain complexes. 


Disorders of Activity and Behaviour as outlined 
below. 
Check those that apply: 


lack of interest, initiative or definite 
goals 


no capacity for variation in work 
changes jobs and occupations frequently 
irritability, stubborness, moody 

avoids work 


goals not compatible with abilities or 
mental predispositions 


incomprehensible behavior 


acts as though others didn't exist 


are 
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PART THREE 


Please give any other symptoms or signs not covered in the 
previous sections which you consider relevant to or deci- 
sive of your diagnosis of schizophrenia for this patient. 
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LIST OF DESCRIPTORS COMMONLY ASSOCIATED VIE AREY 
CONCEPT OF FORMAL THOUGHT DISORDER 
From Bleuler: 


Thinking not directed (absence of central determining 
idea) 


Loss of continuity of associations 

Associations tend to proceed along new lines 

Blocking 

Confusion sui genesis 

Condensation (Ideas are lumped together regardless oom 
logic. In word condensation we might 


have "chable" - chair + table.) 


Displacement (An associated idea aL: “UNSievel adel TeuleKelS) Tepe 
thescight one. ) 


Symbolism (Misuse of symbols sla VetiwasCONCTSLe 
way.) 


Clang associations 

Stereotyped associations 

Censuras or sudden leaps in thinking ("knight moves") 
Dearteneonm1ocas 

Pressure of thoughts 

Giang smeomOles aca 

Naming 

Completion of phrases that don't faints 

Two ideas fortuitously encountered are combined 
Thoughts linked by auxillary images 


Associations formed by habit, similarity, subordinating 
causality 


Part concepts normally never missing are ineffective 
Thought connections are determined emotionally 


Mediate associations. 
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Ceanerons= 
Aavncercvescarncang (lack of genuine: causal links) 
Metonyms 
Interpenetration of tnemes 
Overinclusiveness 

Goldstein - 
Concrete thinking 

Cryeociner ders 


Fusion (heterogenous elements of speech are 
blended together in a senseless unity.) 


Derailment (speech proceeds along a given path 
DUE Ethene suddenly slips into a new Cirection.) 


Ons S21 On pememOmnay Enougitwain the maim stream 
CrOOS .Ollt sae 


Drivelling (sequences of thought fairly well 
forced and organized are mixed up together in 
CONUS Ons) 
lees 
Inconerence 
Paralogia 
Alogia 
Neologisms 
Fish - 
Negative formal thought disorder 
Positive formal tnought disorder 
Qe iemeocurcess— 
Perseveration 
Vorbeireden 
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APPRENDIX B 


THE ULLMANN AND GIOVANNONT 
SELF-REPORT SCALE OF REMORBID ADJUSTMENT 
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ULLMANN AND GIOVANNONI SELF-REPORT SCALE 


For each of the statements presented below answer "True" if 
you agree with the statement, if it describes you. Answer 

phalseTetrevyou dO mmousagree with the statement, if it does 

ROPSIeSCra De you. 


1. When I leave the hospital, I will live with 


my wife aL F 
2. it am married now. te F 
2. i have fathered children. ay F 
4, I have been married. z F 
5. Before I was seventeen I had left the home I 
was raised in and never went back except for 
Vit CS. ay F 
6. When I leave the hospital, I will live with one 
Cee oO GimOL eos tela. Ny i 
7. As a civiltan I have worked steadily at one 
POomOr SLOT sOlememMpLOyvVermeOhe OVER two -VYCars. | iv F 
8. I finished at least one year of education 
after high school - trade apprenticeship, 
Dustiess. SCi1001,— College, CEC. - F 
Cae de lng eUpeal me eheamOnoye wecalneGm Ot Lice last 
three years, it comes to less than $700, 
before deductions. a 2 
10. In my teens I was a member of a group of 
Pervendsswie, Ole Liingoe Loge tier. fy F 
Uieebedacdiy ever went over to another hides 
house after school or on weekends. av F 
eee Niewelawas in, school fedidn! belies enysacal 
HaucatpLouec lasses. au 2 
[Op COnOmenassNOtLhINnG sLORCORWILGO yada to reuliuess .. = 
(4ge el have paid regularly to buy a house. i F 
15. More than once in the last year I have stayed 
on after some group meeting and talked with 
some other members about something that went 
Onir du le 
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24. 


Shortly before I came to the hospital there 
was some major change in my life - such as 
Mackiage -Orcromotrrarbaby, death,. injury, 
TOsSuOLe) Ob, etc. 


I have been deeply in love with someone and 
EO LM them ealOUteLt. 


iiveehes kinds of work 1°do, iteas expected 
thats peopleiwreiiestay tor at least a year. 


My top wage in the last five years was less 
tChaneol 25eansnour, 


I have earned my living for longer than a 
VeareatscuLiGimes civilian work. 


Dihave had to Stay 2n a mental hospital for 
more than one year at a time. 


Wlthine the wlast tives yearseL Nave spent 
Moce et oene ale eOr ties time sin a mental 
Nosp tal 


In my teens I was regular member of a club 
OL Organ1 Zatiloue eval wiacwasOmown-Up who 
came to meetings. CScourserscuoo leclub, 
Ae Ghugcneyoucn. Club, .ctc. ) 


In my teens there was more than one girl 
with whom I had more than two dates. 


Note: The key is indicated by the underlined 
responses. A higher score means a 
better premorbid adjustment. 
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APCENDIX TG 


COMPLETE INSTRUCTIONS FOR ALL TASKS 
IN THE MAIN STUDY 
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GENERAL ORIENTATION 


Poe ao Oo OU RCA TRITON, Awol UDY On Tie WAYS LN 
WHICH WE EXPERIENCE THE WORLD OF SHAPES AND SOUNDS AROUND 
US. THROUGHOUT THE STUDY I WILL EXPLAIN EVERYTHING YOU ARE 
BOPDOwe EACH CASK W LE be br DESCRIBEDSEULLY. ==YOU WELLE BE ABLE 
TOS PRACTICE MOST Oren TASKS? YOU WILL BE ABLE TO ASK 
QUESTIONS ABOUT WHAT YOU ARE TO DO. WE WILL TAKE REST 


BREAKS BDURING STHE (ShoSLON) SO THAT YOU" WON'T) GET TIRED: 


iio De WOULD Rni KE OTCHEChevOURSVISION. 


* ask if they have their glasses or contacts* 


* Eye Test* 


ord ty Teo 
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TeEeHeCLLCK TIMING JRASK 


Dutoel opin PERS TASK... YOU WLLL HEAR© A SERIES OF 
REGULAR] CLICKS LIKE) THIS® (example on’ at ¢5!sec. inter-= 
Cit ere interval) sYOUR) TASK  ISSTO TAP THIS KEY” (show key 
and tap response to subject) SO THAT YOUR TAPS COINCIDE 


AS CLOSELY ASyYPOSSIRLE WITH THE CLICKS: 


Pio Leet iro HhOWe YOU. (USeMr DESeCeBintercilick inter— 
va ou S tT GlSTENS TO. THE BEAT SAS GONGAS YOU WISH. ONCE 
YOU HAVE THE FEEL OF THE TEMPO BEGIN TO TAP IN TIME WITH THE 
CUECKSSUNELE DL VASK YOU"TO (STOP. “TRY TO SYNCHRONIZE YOUR 


TaVoe Ni lierlnt CLICKS. | NOW YOUSTRY . 1 lu: 


DO. YOU HAVE ANY QUESTIONS? 


‘ + sini aah ee pm | a bs 


i eer eA Oe \: eee 
TOO? (Tis ce neice es reais % 


nt .Sonley Seep ey wee ihe. dat *F = 


sf ons 22 eine aur aT ‘teens setts. ~~. (ie 7 _ 










me ak. 
sn an ofget), 250t Sh aes 
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Ox Tis: Sheree asergyo4 AM 


op agg aie aut: t0\ dade mut eas gore _ : 


; _ 

ote of Cae 2 amet a8 
a een ‘agar 7 
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cBigrrpeceae bbe sy do oy * 


188 


One second intervals - 


YOURE DOING] PING. NOW LET'S TRY IT AGAIN. THIS TIME 
THE CLICKS WILL BEAT AT A SOMEWHAT SLOWER TEMPO. JUST 
DEOTEN -LOeTHH BEAT UNTIL, YOU HAVE THE FEEL OF THE TEMPO. 
PON eee ee he ae eeWihie THEeChLChor UNTIL tf ASK YOU 


TORSUTOPT = (Giver subject. test at li sec. “interclick interval.) 


Two second intervals - 


YOU'RE DOING FINE... NOW LET'S, TRY ANOTHER SERIES. OF 
ClhLG@\ ope oe ME lone be A Lew LoL epee VN POLOWR R= JUod Lio 
cele ne pe AT SUN LL COURIAV ET SIE eT BEG .OP eliE TEMPO... THEN, 
oP reo Osun eC UM are el LOK oBUNG tie LeAokKe YOUSLTO SirOP. 


(Give subject test at 2 sec. interclick interval.) 


Mirmeeusecond ancervalsn— 


YOULTRE DOING FINE . NOV LEDS] tRY ANOTHER SERIES OF 
CllekS. THES TIMES ee ee At WiLL Sasa VEN SLOWER THAN BEFORE. 
JUST LLSTEN TO THE BEAZ UNTIL YOU HAVE THE PERI; OF THE 
TEMPO. THEN LAP “CHE Re ON ele MWS are LC Ko UN it iad 
AS ie OUmL Ono LOR. (Give subject test at 3 sec. interclick 


tnterval.) 


WE HAVE NOW FINISHED THIS TASK. 
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GENERALVINSTRUCTIONS FOR BOTH SELECTIVE ATTENTION 
AND SPAN OF APPREHENSION TASKS 


DURING THIS TASK DISPLAYS OF LETTERS WILL APPEAR 
BET E i YONS HE SCREEN] IN) FRONT SOF YOU.) EACH DISPLAY WILL 
HAVE 8 LETTERS. THE CROSSES SHOW (GD 1) THE PLACES WHERE 
THE 8 LETTERS CAN APPEAR. YOU WON'T BE ABLE TO TELL WHICH 
OF THESE PLACES THE 8 LETTERS WILL APPEAR IN BEFOREHAND. 
BUT LETTERS WILL NEVER APPEAR BESIDES SOME OF THE PLACES 
NEP hee COURSE E Tin eCROSSES sin PE iVE VOWELS (GD 2) "A Bol 0 
AND U WILL NEVER APPEAR DURING THE TASK. LETTERS WILL BE 
Sorel) se ROMEFOLLOWINGSoE LEG Ro sGD 3) 5B CeD F iG H J K LM 
NEE OR Ss LeAND ((GD)4) Vow X Y AND Z. SO EACH DISPLAY WILL 
BE MADE UP OF 8 DIFFERENT LETTERS SELECTED FROM THE LETTERS 


OPS ib eaLPHABE TT eOLIR RR LHANS THE VOWELS SAlE L O2AND U. 


LED SeREY LEW WHATS VisdUSTRSALD: 
- DISPLAYS OF 8 DIFFERENT LETTERS WILL APPEAR BRIEFLY 


ONS TAM SCREGNSLN RE RONDS Oey OUs 


- YOU WON'T BE.ABLE TO TELL.EXACTLY.WHERE-THESE 8 


LETTERS WILL APPEAR. 
= YOU WON'T BE ABLE TO TELL WHICH 8 LETTERS WILL APPEAR. 


- THE FIVE VOWELS A E I O AND U WILL NEVER APPEAR. 
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SELECTIVE ATTENTION TASK 


NOW LET'S LOOK AT AN EXAMPLE OF A DISPLAY OF LETTERS 


(DD Ay "C5 "sec) : 


DETECTION: 

IN THIS TASK ONE AND ONLY ONE OF THE S LETTERS THAT 
APPEAR IN EACH DISPLAY WILL BE EITHER A T (DD 1) OR AN F 
(DD 2). WHEN EACH DISPLAY OF LETTERS APPEARS ON THE 
OCREEN I WANT YOU TO DISCOVER WHICH OF THE TWO TARGET 
Eee Rove o OKs t lose hhoeNi IN THAT LETTER DISPLAY. WE ARE 
NOT INTERESTED IN HOW WELL YOU CAN SEE THE OTHER IRRELEVANT 
Peer Romo A LAC COMPBANY slob T2OR GE so LMP LY. FOCUS YOUR At-— 
Ne CONMONGN EG Hohe Om Ohi Ome Ron et Ne tih ae LER DiS 


PLAY. THEN, TELL M& YOUR ANSWER. 


POE OF hab Uae ot Wi edt Na Wii GON TALN SAS Ty. 
DALES OF ST iM, THE LET R DISPLAY WiLi CONTAIN AN FP. 
BERGE lS NO WAY OUCCAN “TELL BEFORE “YOU SHEE EACH LETTER 


DISPLAY WHETHER A T OR AN F BE PRESENT IN THAT DISPLAY. 


WHEN EACH LETTER DISPLAY APPEARS THE T OR F MAY APPEAR 


IN ANY OF THE POSSIBLE POSITIONS ON THE SCREEN. 





are 
Stee as ee 
CREW -¥ . 
> ar 


7 


ba 
. 





wo rie 7 


LET'S SEE HOW THIS WILL WORK. A DISPLAY OF 8 LETTERS 


WILL APPEAR ON THE SCREEN. FOCUS YOUR ATTENTION ON WHETHER 


FUROR AN ele Lomr RESEND slN« THES DESPLAY .) THEN, YELL ‘ME YOUR 
CHOTCESAS SOON “AS THE DISPLAY OF LETTERS HAS DISAPPEARED. 


TSYOUCRE NOT SURE GIVE YOUR BEST GUESS. 


READY e( DDE, (5 tsecy). . INGIHET EXAMPLE YOU-SAW F WAS 
cite CORBECT CHOLCHIN( display. (on) raAs- YOUPSER! F) WAS) PRESENT 


TN) THE LEAT ER PDESPLAY WHILE. T WASANOT INCLUDED. 


ome LR Yael AG ALN ADDY (DD > sec.) IN “THE 
EXAMPLE YOU SAW T WAS THE CORRECT CHOICE (display on). AS 
YOU SEE T WAS PRESENT IN THE LETTER DISPLAY WHILE F WAS 


NOT INCLUDED. 


Lo 
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Eo eo cRVeANGlinne tM. “THiS “CIMn THR DISPLAY OF LEat- 
Po RomWON TeAPPE ARMAS LONG. READY (DD )3, 5 sec.). IN THE 
EXAMPLE YOU SAW F WAS THE CORRECT CHOICE (display on). AS 
-YOU SEE F WAS PRESENT IN THE LETTER DISPLAY WHILE T WAS NOT 


INCLUDED. 


HERE'S ANOTHER EXAMPLE. READY (DD 4, 15 sec.). IN 
THE EXAMPLE YOU SAW F WAS THE CORRECT CHOICE (display on). 
AS YOU SEE F WAS PRESENT IN THE LETTER DISPLAY WHILE T WAS 


NOT INCLUDED. 


FOR THE REST OF THIS TASK THE LETTER DISPLAYS WILL 
APPEAR VERY BRIEFLY. WHEN I SAY “READY™ FOCUS ON THE DOT 
EN UERONT OF YOU UNTIL THE LETTER DISPLAY APPEARS. THEN 
FOCUS YOUR ATTENTION ON WHETHER A T OR AN F IS PRESENT IN 


PHE DISPLAY AND TELL ME YOUR CHOICE. 


READY (DD 15, 50 sec.): IN THE EXAMPLE YOU SAW T WAS 
THE CORREGDsCHOLCE (display on). AS YOU SHEE TWAS PRESENT 


iN THE LETTER DISPLAY WHILE F WAS NOT INCLUDED. 


HERE'S ANOTHER EXAMPLE. READY (DD 16, 50 sec.). IN 
THE EXAMPLE YOU SAW F WAS THE CORRECT CHOICE (display on). 
AS YOU SEE F WAS PRESENT IN THE LETTER DISPLAY WHILE T WAS 


NOT INCLUDED. 


Give tone—-control anstructions here. 


set 
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SUMMARY : 


PLEASE FOCUS ON THE DOT WHEN YOU SAY YOU"RE READY. 
CONTINU ew OSEOGUS ON THE DOT UNTIL THE (LETTER: DISPLAY 
APPEARS. WHEN THE LETTER DISPLAY APPEARS SIMPLY FOCUS 
YOUR ATTENTION ON WHETHER A T OR AN F IS PRESENT IN THE 
LETTER DISPLAY AND TELL ME YOUR ANSWER. IF YOU'RE NOT SURE 


PLEASE GIVE YOUR BEST GUESS. 


LeULSecRYeOULSTHES PROCEDURE) (ise. DD. 17) ) (Case) DD 13) 
(chaumemiO mECcdDackh)es(2 se hlUSUsScrr lms. comands 222) 9 (> TU use 


Peete Gera tlOm 4 210,) be 


NOW WE WILL GO THROUGH SOME PRACTICE WARM-UP TRIALS. 
VOUenWlLULENOT BE OTOLDRIN ANY OF STHE PRACTICE OR TEST TRAILS 
AS TO WHETHER YOUR CHOICES ARE CORRECT OR NOT. DO YOU HAVE 


ANY QUESTIONS? 


Oth. LET'S BEGIN THEY PRACTICE @TRIALS. “PLEASE TRY TO 


DO YOUR BEST. IF THE LETTER DISPLAY FAILS TO APPEAR PLEASE 


ie pNGeaene WSs fenerkekeakiels Gepeuiciisy <= 


NOW WE'LL DO THE TEST TRIALS. 


3.3 
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SPAN OF APPREHENSION TASK 


NOW LET"S LOOK AT AN EXAMPLE OF A DISPLAY OF LETTERS 


(FDeA). Go esec.):. 


SPAN: 
WHEN EACH DISPLAY OF LETTERS APPEARS I WANT YOU TO TRY 


TO SEE AND REMEMBER AS MANY OF THE LETTERS AS YOU CAN. 


POST-SiiMULUS RECOGNITION: 

AFTER BACH DISPLAY OF LETTERS (HAS DISAPPEARED, TWO 
LETTERS WILL APPEAR BELOW THE SCREEN LIKE THIS (Z AND P 
Manucwron it eeAbTER EACH DISPLAY Of (LETTERS DISAPPEARS FROM 
TE eSCREEN YOU —AREIJTO. CHOOSE, WHICH OF STHE. -~TWO ) LETTERS .THAT 
APPEARS BELOW THE SCREEN IS THE LETTER THAT WAS PRESENT IN 
THE LETTER DESPLAY YOU SAW ON THE SCREEN. THEN, TELL ME 


YOUR ANSWER. 


SHAPING: 

LET'S SEE HOW THIS WILL WORK. FIRST A DISPLAY OF 8 
LETTERS WILL APPEAR ON THE SCREEN. TRY TO SEE AND REMEMBER 
AS MANVEOPeTHE: SULETTERS *AS  YOURCAN. (7 THEN, -ATfEW SECONDS 
LATER, TWO LETTERS WILL APPEAR BELOW THE SCREEN. SELECT 
WHICH OF THESE TWO LETTERS WAS PRESENT IN THE 8 LETTERS YOU 
SAW ON THE SCREEN. TELL ME YOUR ANSWER. IF YOU'RE NOT 


SURE GIVE YOUR BEST GUESS. 
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READ Yaar De i eeomecece. alt. x and" J)’. IN THE EXAMPLE YOU 
Ce Whoethie CORRECT <CtlOlCET (displayon, chorces on)'s* AS 
YOUN CEUs Lite Lisl ThRo =) it nN eX-W G@Y *AND®G WERE PRESENT INTHE 
MEV Re DLSPEAY. “=X°wWwAS THE CORRECT "CHOICE SINCE X WAS PRE- 


SENT IN THE LETTER DISPLAYS WHILE J WAS NOT - INCLUDED. 


Poe Re PAGANS READ YO EDeOMBD asec es, fal th. W and 
N). IN THE EXAMPLE YOU SAW W WAS THE CORRECT CHOICE (dis- 
Pawo CiOTeCese on me ease YOU She thn eLei te Ree x ee G Wer, 
AND D WERE PRESENT IN THE LETTER DISPLAY. W WAS THE CORRECT 
CHOICE SINCE W WAS PRESENT IN THE LETTER DISPLAY WHILE N 


WAS NOT INCLUDED. 


Beton VeANOTTER iE i tom ri Me THEE DISPLAY OF 
DETTE Roe WON “LeAPPEARTAS “LONG. “READY @=(FD"=3, 5 sec’, "alt. 
i and R). iN THE EXAMPLE YOU SAW P WAS THE CORRECT CHOICE 
(Como Olayveol,s ChOUCeCS=Ol) Pm mAG TY OUNSER OTHE MLE TTARS [kK ey Pox 
GC ANDSGGWERE PRESENT IN “THE LETTER -DESPLAY. PRP WAS THE 
CORRECT CHOICE SINCE PaWAS PRESENT SIN THB LETTER DISPLAY 


WHILE R WAS NOT INCLUDED. 


HERE S ANOTHER EXAMP EE. | READY (EP DE4 5 esec. , malt Vv. 
and T). IN THE EXAMPLE YOU SAW V WAS THE CORRECT CHOICE 
(display on, choices on). AS YOU SHE THE LETTERS PWS N L 
K J ANDV WERE PRESENT IN THE LETTER DISPLAY. V WAS THE 
CORRECT CHOICE SINCE V WAS PRESENT IN THE LETTER DISPLAY 


WHILE T WAS NOT INCLUDED. 


BORD eRE SL OLS Lio et ASK DAE SLE OLE R SD LoPLAY Se Wists 


APPEAR VERY BRIEFLY. WHEN I SAY "READY" FOCUS ON THE DOT 
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TNeonON SOR YOUUNDILS THE LETTER DISPLAY APPEARS. THEN TRY 
TO SEE AND REMEMBER AS MANY LETTERS AS YOU CAN. SELECT 
WHICH OF THE TWO ALTERNATIVES THAT APPEARS AFTERWARDS WAS 


PREGUN INTHE LETTER DISPLAY AND TELL ME. YOUR CHOICE. 


PED Vee De eo OmNSeC., walt. B ang 0) = IN THE EXAMPLE 
VOUS SAWEBeWAGUTHE, COBRECT CHOICE Kdasplay on, Choices on). 
AS YOU SHE THE LETTERS BM H P F V W AND R WERE PRESENT IN 
CiPGe Crane Lop LAY Bb oWAS S THE VCORRECT CHOLCHK SINCE B WAS 


PRESENT IN THE LETTER DISPLAY WHILE D WAS NOT INCLUDED. 


HERE SeANOLlHuERMEXAMPIEA@ READY “(ED 6,0 >0Nmsec., alt. 


a and N). IN@ THE EXAMPLES YOU SAW ZeWAS THE CORRECT CHOICE 
(iso layeon ss cho1ces On )epAc YOUSSEN THE LETVERS P H @ 4 


Civ eek Det Were PReSt Met Ne Tin eu ole Rep TSP lAY Z WAS THE 
GORRECT CHOIZE SINGH. 4 WAS PRESENT IN @HE LETTER DISPLAY 


WHILE N WAS NOT INCLUDED. 


Give tone-control instructions here. 
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SUMMARY: 


EP AS rer OCU ON StH DOT WHEN (2TU = YOU SAY. YOU'RE 
READY ) (SHELF-INITIATE — I SAY READY). CONTINUE TO FOCUS 
OSGeo TUN let Lelie k, DISPLAY APPRARS. WHEN De oe 
TER DISPLAY APPEARS TRY TO SEE AND REMEMBER AS MANY OF THE 
BE DIERSs AS YOUSCAN J THEN, SELECT® WHICH OF “THE TWO LETTERS 
THAT APPEARS AFTERWARDS, BELOW THE SCREEN, WAS THE ONE 
PRESENT IN THE LETTER DISPLAY AND TELL ME YOUR ANSWER. 
PLEASE penne Ss LOOK INGSAT THEA =SeCREENVUNIIG THE TWO LETTERS 
YOU ARE TO SELECT FROM APPEAR BELOW THE SCREEN. IF YOU'RE 
NOT Ss URESWH ICH SiS. Vik® CORRECTSLE TT ER PLEASE GIVE YOUR BEST 


GUESS. 


LE BLS ST Ri-Our WTAE PROCEDURE =(ase FD"7, alt. R and C) 
(USCe Dove c Ce ante Oma em ChVCmOmrceto ack) mi (2) IlU use, PIL 


SaomanGmre)) GS SLU eUSe aie pe orrand =>. 2)5. 


NOW WE WILL GO THROUGH SOME PRACTICE WARM-UP TRIALS. 
(eV Sob eNO TBE CABLE SCOMLEiiey OU SIN PANY OP THE PRACTICE OR 
THAT TRIALS AS TO WHETHER: YOUR CHOICES ARE CORRECT OR NOT. 


DO YOU HAVE ANY QUESTIONS? 


Owes UE (Se bEGIN TEES PRACTICE ERI ALS. PLEASE TRY. LOV DO 
VOURSBESl. LF “TER LETTER DISPLAYS PALES. LOTAPPEAR, PLEASE 


LET ME KNOW. 
* ie aie Gael Ops Gt Com iiadc Lome 


NOWGWEYLL DO THE sibods CRIA LSS 
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TONE-CONTROL INSTRUCTIONS 


BEFORE YOU SEE EACH LETTER DISPLAY I'LL SAY "READY", 
THEN YOU TELL ME WHEN YOU'RE READY. YOU WILL THEN HEAR A 
SHORT TONE (demonstrate) WHICH IS THE SIGNAL FOR THE APPEAR- 


ANCE OR sTHE (EE TITER DISPLAY. 


QO ITU THE LETTER DISPLAY WILL APPEAR A SHORT TIME AFTER 
THE TONE. THE LETTER DISPLAY WILL ALWAYS APPEAR 
EXACTLY THE SAME AMOUNT OF TIME AFTER THE TONE. eas 
SHOW VOU. (demonstrate twice, use DD 16.) SO YOU'- 
TL BE ABLE TO TELL WHEN TO EXPECT THE APPEARANCE OF 


THE LETTER DISPLAY AFTER THE TONE SOUNDS. 


2 ITU THE LETTER DISPLAY WILL APPEAR ANYTIME BETWEEN THIS 
LONG AFTER THE TONE (2.0 sec.) AND THIS LONG AFTER 
THiheTONE (4. OeGeC.E. (demonstrate twice, use DD 16) 
(Saye (iol showeyoupagain,s | for sche second demonstra- 
‘er ehal 4 )) SQ YOU LE BE ABLE TO TELL WHEN TO EXPECT THE 
APPEARANCE OF THE LETTER DISPLAY AS APPEARING SOME- 


TIME WITHIN THE LIMITS I'VE SHOWN YOU. 


5 ITU THE LETTER DISPLAY WILL APPEAR ANYTIME BETWEEN THIS 
LONG AFTER THE TONE (0.5 sec.) AND THIS LONG AFTER 
THE TONE (5.5 sec.). (demonstrate twice, use DD 16) 
(Say ti dl show youpegaln Stor the second demonstra- 
ELOn es) SQ YOU'LL BE ABLE TO TELL WHEN TO EXPECE 
THE APPEARANCE OF THE LETTER DISPLAY AS APPEARING 


SOMETIME WITHIN THE LIMITS I'VE SHOWN YOU. 


ratte THE LETTER DISPLAY WILL APPEAR WHEN YOU PRESS THE 


Res 
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BUTTON. PRESS THE BUTTON WHENEVER YOU FEEL READY. 
MAKE SURE TO RELEASE THE BUTTON AFTER-YOU PRESS IT. 
PE eel Rh Ye Clowes Liat O. TRYe TTAAGATING (demonstrate 
twice, use DD 16)-AS YOU CAN. SEE YOU'LL BE, THE PER- 
SON WHO INITIATES THE FLASH OF LETTERS. (set timer 
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BETWEEN TASK INSTRUCTIONS 


NOW WE'RE GOING TO DO THE NEXT TASK. ALTHOUGH THE 
NEXT TASK WILL BE SIMILAR TO THE PREVIOUS ONE IN SOME WAYS, 
TT WILL BE VERY DIFFERENT IN MANY OTHER WAYS. I WANT YOU 
JUST TO FORGET ABOUT WHAT WE DID IN THE PREVIOUS TASK. FOR 
THIS NEXT TASK WE'LL START OVER FROM THE BEGINNING EXPLAIN- 
ING WHAT YOU ARE TO DO JUST AS IF YOU NEVER DID THE LAST 
TASK. SO LISTEN CAREFULLY AND DON'T EXPECT EVERYTHING TO 
BE THE SAME AS IT WAS BEFORE EVEN THROUGH SOME OF THE IN- 


STRUCTIONS WILL BE VERY SIMILAR. 
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APPENDIX D 


ANALYSIS OF VARIANCE FOR THE PERCEPTUAL EXPERIMENT 
OF THE MAIN STUDY USING THE NUMBER OF RESPONSES CORRECT 


Between Subjects 


A (Subject Group) 

B (ITU and Self-Initiate) 
C (Order) 

A x7B 


3888. 76 
35109 


Axe 

Dax sc 

Deeb xX C 

Subjects Within Groups 


NO OWWNM DE W bd 


~] 


Total 


\O 
7) 


8685. 48 


— 


= 
cf 
bh 
Ko} 
op) 
E 
CJ 
(00) 

°) 


4941.02 4941.02 
28.203 14.17 
40.44 13.48 
10.09 HO209 
VLE bes 23s) 21293 
Ged 31260 
142.70 47.57 
34.65 5278 

1455.00 Zee. 


Attention vs. Span) 


UPwrprawry 
NAWNAKHPWNHHE 


~ 


Subjects Within Groups 


\O 
OY 


MegweWk 6847.00 
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APPENDIX E 


ANALYSIS OF VARIANCE FOR THE 
PERCEPIUAL EXPERIMENT OF THE MAIN STUDY 
USING THE ARCSIN TRANSFORMATION OF THE PROPORTION CORRECT 


Source 


A (Subject Group) 

B (ITU and Self-Initiate) 
C (Order) 

AxXB 

AS > ke 

Bex 

IN, oe eh Ok 1 

Subjects Within Groups 





DEO 266 
-0340 
0804 
. 3686 
-2767 
O05 
- 0783 

4.7086 


NO OAWNDN DEH WN 


Oca U e097 


= 
5 
E 


Subjects 


(Attention vs. Span) 721026 
EL DOT 
0463 
-0224 
Oo 
34 
.2584 
-0665 
Subjects with Groups 2.0948 


UPWPrPrPawPry 
xm mm mm MM 


Total 10.0602 


"18 eat 


aK 
p< BOO. 


202 


APPENDIX F 


TABLE OF MEANS AND STANDARD DEVIATIONS 
OF ATTENTION TASK AND SPAN TASK SCORES FOR THE 
THREE SUBJECT GROUPS USING THE NUMBER OF RESPONSES CORRECT 


Schizophrenics*| Ps chiatric Controls” | Students” 


: a 
44.28 51.06 Seley 
7245 Ae Deos 
cou 12 


Beg 40.16 45.53 
5 Shs 4.19 













Attention Task 


nh = 32 for each group. 
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APPENDIX G 


ANALYSIS OF VARIANCE FOR THE TAP-CLICK TIMING EXPERIMENT 
OF THE MAIN STUDY USING THE SIGNED ERROR DEVIATION SCORES 


Between Subjects 


A (Subject Group) 
Subjects Within Groups 
Total Between 


ithin Subjects 


B (Interclick Interval) 
AvX,B 

B x Subjects Within 
Groups 


C (Trials) 

(ee 1 © 

C x Subjects Within 
Groups 


Bex, C 

AgX Box C 

B x C x Subjects 
Within Groups 


Total Within 


Sy ATM 
23.5834 
28.8565 


ZL) 


Odie 


4(2) 2.1934 


186 (93) 


2 ie LOO 


Se) 
18 (2) 


SS1K93) 


SeMASHE 
4071 


59005 


18 (1) 
36 (2) 


1674 (93) 


£5005 
5 See 


Sie vAI 0) 


2784 


72.1948 





“Degrees of freedom in parentheses are for the conservative test. 


< .005 nonconservative test, p ~< .05 conservative test. 
< .01 nonconservative test, p = .25 conservative test. 

< .05 nonconservative test, p = .25 conservative test. 

< .001. 
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APPENDIX H 


TABLE OF MEANS AND STANDARD DEVIATIONS 
OF TAP-CLICK SIGNED ERROR DEVIATION SCORES AT THE 
THREE INTERCLICK INTERVAL CONDITIONS FOR THE THREE SUBJECT GROUPS 


iicerelicw interval Schizophrenics® Psychiatric Controls* 


One Second 
Mean E0093 
ae 0294 
wo Seconds 
Mean +.0965 +.0080 
sp? 0286 .0065 .0009 


ee Seconds 
Mean +, 1300 ~.0204 BPO a5? 
spe 0592 .0128 
a 


n = 32 for each group. 












Pre standard deviations were calculated using the mean signed error 


deviation averaged over the ten test trials within each subject. 
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APPENDIX I 


ANALYSIS OF VARIANCE FOR THE TAP-CLICK TIMING 
EXPERIMENT OF THE MAIN STUDY USING THE VARIABLE ERROR SCORES 


Between Subjects 


A (Subject Group) 


Subjects Within Groups 


Total Between 


Within Subjects 
B (Interclick Interval) 
AxB 
B x Subjects Within Groups| 186 (93) .7270 


Total Within 192 1.4798 





“Degrees of freedom in parantheses are for the conservative test. 


* 
p< .001 conservative test. 
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APPENDIX J 


TABLE OF MEANS AND STANDARD DEVIATIONS 
OF TAP-CLICK VARIABLE ERROR SCORES AT THE 
THREE INTERCLICK INTERVAL CONDITIONS FOR THE THREE SUBJECT GROUPS 


iter ciiceelarerval . Psychiatric Controls® 


One Second 
-0549 
-0044 
- L050 
-0013 
- 1636 
-0046 






Schizophrenics 













Mean 


SD 






|Three Seconds 







Mean 


SD 


el 32 for each group. 
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APPENDIX K 


CORRELATIONS OF AGE AND EDUCATION 
WITH TAP-CLICK ERROR SCORES 
FOR THH SfHREE SUBJECT GROUPS 
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APPENDIX L 


CORRELATIONS OF ATTENTION SCORES 
AND SPAN SCORES WITH 
TAP-CHUCK eu RROR, SCORES 7 ORSIHE 
THREE SUBJECT GROUPS 
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